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ABSTRACT 


A method is presented to establish acoustic attenuation design 
requirements through parametric trade studies using the subjective 
noise unit of effective perceived noise level (EPNL). Results obtained 
from these studies are then used with an optimization procedure to 
provide an acoustic lining configuration that is balanced with respect 
to engine performance losses and lining attenuation characteristics. 
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SUMMARY 


An analysis plan was developed for design of acoustically treated nacelles for suppression of fan 
generated noise from high bypass turbofan engines. The pian was followed in developing two 
conceptual nacelle designs. The first was a flight nacelle for the NASA/General Electric quiet engine 
typical of a 707/DC-8 class airplane installation. The quiet engine nacelle design was modified to a 
design for the NASA Lewis quiet fan. Measured noise data from the NASA quiet fan were used for 
acoustic design of both conceptual nacelles. This plan included a trade study to select lining 
attenuation requirements which would provide a 10 EPNdB reduction in flyover noise. 

The procedure developed includes a systematic variation of the far field acoustic spectra for each 
component of the engine noise source and the corresponding change in PNL/EPNL associated with 
the acoustic spectra variations. Results obtained from these studies are used together with an 
optimization procedure to minimize the amount of acoustic treatment for a balanced acoustic 
design that includes engine performance considerations. The design attenuation spectra established 
in this manner were used to determine the lining characteristics best suited to satisfy the acoustic 
design objective. 



1.0 INTRODUCTION 


The FAA noise standards set forth in FAR Part 36 have led to the implementation of various 
designs to reduce the noise being radiated from high bypass turbofan engines. One method of 
achieving the noise reduction goal is through the design and installation of acoustic liners in the 
inlet and fan exhaust duct of turbofan engines. This document summarizes one phase of a 
systematic acoustic lining procedure that has been developed to ensure a reasonable lining design 
configuration both with respect to acoustic performance and minimum engine performance 
degradation, This design procedure was developed for and used to establish the attenuation 
objectives for conceptual nacelle design of the NASA-Lewis QF-2 fan. 

The acoustic attenuation design requirements or objectives can be established by a series of 
PNL7EPNL parametric trade studies. Either test data or estimated values of the engine acoustic 
signature together with airplane flight path information are used to compute a baseline (untreated) 
EPNL value for a specific engine configuration. Through the use of a systematic incremental 
reduction in the various noise components of the engine and computing the associated EPNL value, 
a matrix of noise reduction values can be established. This matrix will define the various 
combinations of acoustic attenuations that are required for each noise source to achieve a specific 
noise reduction goat. A weighting function was used to minimize the total area of acoustic 
treatment in the engine while meeting the desired EPNL objective. The weighting function related 
attenuation to the treated area required to obtain that attenuation. By minimizing the sums of these 
products, the total treated area can be optimized. 

The procedure identifies attenuation requirements for inlet and fan duct linings prior to the actual 
detail design and provides confidence that the acoustic attenuation objective can be obtained. In 
addition, effects of component noise floors are considered and the effect of the acoustic treatment 
on engine operational losses are held to a minimum. This procedure allows the engineer flexibility in 
selecting the attenuated acoustic spectrum. This capability is desirable to respond to geometric 
and/or manufacturing constraints. 


1 



2.0 TECHNICAL APPROACH 


The basic elements used to provide an acoustic lining configuration that is balanced with respect to 
engine performance losses and lining attenuation characteristics are outlined in Table I. The steps 
identified in the flow chart are used to perform a systematic variation of the far field acoustic 
signature. Each cycle provides one value in the EPNL matrix. Details of the individual analysis 
elements are outlined in the following paragraphs. 

The analysis begins with the identification of the baseline spectra for each component of the noise 
source {Step 1). In this document, the total noise source is assumed to be a composite of 
the: (1 ) fan noise, (2) primary jet noise, (3) secondary jet noise, and (4) turbomachinery noise. 

A reduction in Sound Pressure Level {SPL) of an acoustic spectrum is usually referred to as applying 
attenuation to a baseline component spectra (Step 2). Each component attenuation spectra should 
be representative of the expected reduction derived from either tests or analysis. The total 
attenuated noise spectrum of the engine is the power sum of each of the individual attenuated noise 
components. 

The significance of a balanced acoustic design for a particular noise source is closely linked to the 
"noise floor" concept. Consider two noise components, the fan and jet noise of a turbofan engine. 
If, at a given frequency, the fan noise has been attenuated to a level below that of the jet noise, then 
subsequent reduction in the fan noise level will not result in a discernable lower overall noise level. 
In this case, the noise floor has been established by the jet noise level. 

The next step in evaluating the acoustic performance is to extrapolate the attenuated spectra to the 
requested condition (Step 3). The form at which the input data is available may consist of a set of 
1/3 octave data that is either measured or predicted on a polar radius around the noise source or at 
a sideline distance. The output can be calculated at any one of the above conditions or flight 
conditions simulating approach, takeoff, or level fly by. 

The airplane flight characteristics and atmospheric environment are used to determine the projected 
SPL spectra by accounting for factors such as the propagation time and distance, the atmospheric 
attenuation corrections, directivity index and doppler shift. 

The atmospheric attenuation corrections are the standard atmospheric absorption as a function of 
distance, relative humidity, and temperature (Reference 1) and the extra ground attenuation as a 
function of elevation angle and distance (Reference 2). 

The propagation distance is accounted for by the spherical divergence which takes the form of: 

4dB = 20 log-jQ (Distance ratio between input and output condition) 

The corrections due to the doppler shift effect are taken from Reference 3. 


Differences in the number of engines between the input and projected condition are corrected by 
using the relation 


/4dB = 10logiQ (number of engines) 




f’AGfi BLA]^ 
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The relative jet velocity correction due to the forward airplane speed, outlined in Reference 4, 
defines a frequency shift as 


Frequency shift = 


Primary jet velocity — forward airplane speed 
Primary jet velocity under static condition 


The change in the sound pressure level (SPL) due to the relative jet velocity is expressed as 
4dB = 80 log-iQ {Frequency shift) 

The conversion from projected SPL values to subjective units is performed in Step 4. Each 1/3 
octave SPL value is converted to the respective NOY unit. The details of this procedure can be 
found in Reference 5. 


The Perceived Noise Level (PNL) is calculated at each angle by using the relation (Reference 6). 

PNL = 40 + 33.3 log^o + .15 ( X NOY - NOY^g^) 

When spectral irregularities are present, the PNL value is adjusted to account for a tone correction 
by applying the technique set forth in Reference 7, 

The Effective Perceived Noise Level (EPNL) is calculated by integrating the time history of the tone 
corrected PN L as outlined in Reference 7, 
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3.0 ACOUSTIC TRADE STUDY 

The noise abatement system for this program considered the placement of lining material in the 
inlet and the fan duct. In the analyses, the total fan noise spectrum (Table 2) is treated as being a 
composite of two independent noise sources. The inlet radiated noise controls the forward quadrant 
(Table 3), the fan duct radiated noise dominates the aft quadrant (Table 4|. 

The spectral Power Insertion Loss (PIL) characteristics of tuned single layer acoustic linings tend to 
have a bell shaped curve about the tuned frequency. The PIL curve shape used for this acoustic 
trade study, generated from flow duct data, is shown in Figure 1. Segmented acoustic lining 
configurations were considered for the inlet and fan duct. In one segment, the attenuation was 
tuned to the fan fundamental frequency and the second segment was tuned to the second fan 
harmonic. For convenience, the acoustic lining segments in the inlet are referred to as inlet 
fundamental and inlet harmonic while the lining segments in the fan duct are referred to as fan 
fundamental and fan harmonic. When the PIL curves of the fundamental and harmonic overlap each 
other, algebraic addition was used to obtain the resultant PIL. 

The attenuated forward and aft fan noise spectrum was combined with jet noise and 
turbomachinery noise components to form a composite polar spectrum. This spectrum and the 
appropriate flight parameters were used to obtain an EPNL value. 

The EPNL trade studies were conducted for typical takeoff and approach conditions with the 
observer located at 3.5 n.m. from brake release and 1.0 n.m. from touchdown respectively, as 
defined in FAR Part 36 (Reference 7). The takeoff and approach were simulated using the flight 
conditions listed in Table 5. If the value of PNLT at the 10 dB down point is 90 PNdB or less, 
Reference 7 allows the option of using a time interval between the initial and the final time value 
for which PNLT equals 90 PNdB. This option was not used because it can give rise to discontinuities 
when the maximum PNLT value approaches a value equal to or less than 90 PNdB. 

The EPNL trade study calculations were accomplished by varying the four lining segment 
characteristics: (1) inlet fundamental, (2) inlet harmonic, (3) fan fundamental, and (4) fan 
harmonic, independently at successive values of 0, 5, 10, 20, and 30 dB for the peak value of 
attenuation. In addition, for the takeoff simulation, primary jet noise attenuations were simulated 
by applying a uniform attenuation factor to the jet SPL spectrum in increments of 0, 2.5, 5, 7,5, 
and 10 dB. The approach condition was evaluated with and without the turbomachinery noise 
component. Table 6 identifies the 8 EPNL trades presented in this document. Runs 1A and 2A 
represent the baseline engine as simulated for approach and takeoff conditions. Runs 10A and 11 A 
have the primary jet and turbine noise components removed which would be representative of the 
noise levels measured on a fan test configuration. 

The data was plotted in terms of A EPNL versus inlet fundamental attenuation for constant fan 
fundamental attenuations. These data reflect combinations of inlet and fan harmonic acoustic 
treatment. For improved visibility, a cross plotting of the data was accomplished for constant 
4 EPNL levels of 5 and 10 EPNdB. Each graph depicts the variation of inlet fundamental 
attenuation versus fan fundamental attenuation for different values of inlet harmonic attenuations 
(Figures 2 and 3). In each case, the fan harmonic attenuation has a constant preassigned value. 
Whenever a graph appears blank, this merely indicates that the A EPNL level cannot be achieved for 
the attenuation conditions stated. Asterisks appearing within the tabulated data sets indicate that 
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the attenuation value is outside the range of 0 to 30 dB. The "with tone" notation in the graph 
heading indicates that the standard tone correction was used as identified in FAR Part 36. 
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4.0 SELECTION OF DESIGN ATTENUATION SPECTRA 


The EPNL trade study provides a data bank of A EPNL values for combinations of inlet and fan 
duct attenuation levels tuned to the fundamental and harmonic blade passage frequency of the fan. 
In view of the large amount of data that can be generated to evaluate various combinations of 
attenuation levels to satisfy specific design goals, a systematic method was developed to evaluate the 
EPNL trade study results. This method uses weighting functions that are applied to the individual 
attenuation levels, such that the summation of these functions are proportional to the total acoustic 
treatment area. 


A four'dimensional interpolation using the A EPNL data bank was performed to identify each 
attenuation spectra which gave a 10 EPNdB reduction at takeoff and approach. The results of the 
interpolation showed that a great number of different spectra satisfied the acoustic design criteria. 
The selection of the optimum spectra, based on minimum treated area was accomplished by using a 
lining optimization procedure described in Reference 8, which is based on maximizing the 
attenuation of a "pink" noise source. This source has a constant SPL for one octave bandwidth and 
is zero elsewhere. Figures 4 and 5 show results of this optimization procedure for inlet and exhaust 
Mach numbers of .4 as a function of Hf/c, where H is the duct height between the lined walls, f is 
the frequency, and c is the speed of sound. The results presented are attenuation level for a one 
octave attenuation bandwidth versus the ratio of the lining length, L, to duct height, H. The ratio of 
duct length to height is proportional to the ratio of treated area to flow area in an annular duct with 
all surfaces lined. 


The curves of Figures 4 and 5 were approximated by an equation of the following form; 


Treated Area 
t Flow Area 


) = C 4 


Figure 6 compares the theoretical and empirical curves for Hf/c= 1.0 when the inlet and exhaust 
Mach numbers are .4, The constant C depends on the value of Hf/c and the flow condition in the 
duct (i.e., Mach number and direction of flow relative to the noise source). The value of the 
constant increases with Hf/c. For example, at an exhaust Mach number of .4, the constant increases 
by a factor of 1 .75 as Hf/c is doubled. At an inlet Mach number of .4, the constant increases a 
factor of 1 .6 as Hf/c is doubled. The following table compares relative values of the proportionality 
constant as a function of Hf/c and duct flow condition. 


Hf/c 

Inlet Mach 

Exhaust 


No. = 0.4 

Mach No. = 0.4 

1 

0.455 

1.0* 

2 

0.73 

1.75 


* Reference Value 

The relative values of the constants listed above are proportional to the theoretical treated area 
required to obtain a given level of suppression, assuming equivalent flow areas in the inlet and 
exhaust ducts. The results for Hf/c= 1 show the increased efficiency of inlet linings compared to 
fan duct linings, which is theoretically predicted assuming no velocity gradients in the ducts. This 
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magnitude of increased efficiency had not been observed in flow duct tests of linings conducted 
prior to this study. Consequently, the effectiveness of inlet and fan duct linings were assumed equal 
for this study. Subsequently, it was discovered that if inlet linings are designed considering veiocity 
gradients, the lining effectiveness approaches the theoretical levels, (Reference 9). 


The weighting function used to minimize treated area while achieving a given level of suppression 
was 

/ t reated Area \ / 5/3 ^ jd5/3 \. 

Flow Area / “\^°°fundamental ^ ^“harmonic) 

( 5/3 \ 

^^®funda mental fan duct. 


The optimum lining configuration determined by the 0 function satisfied the design objective 
while minimizing the amount of treated area in the inlet and fan duct. Figure 7 shows the EPNL 
reduction versus the optimum value of the weighting function 0 . Each point on the curve 
represents the inlet and fan duct attenuation spectra for minimum treated area. The results show 
that the 10 EPNdB reduction goal can be achieved at the approach condition. However, the goal 
cannot be achieved at takeoff without core jet suppression since the noise floor level is established 
by the primary jet. 


The attenuation requirements for the approach condition were selected as those which gave a 10 
EPNdB reduction with the minimum value of the weighting function, 0 . Figures 8 and 9 show the 
attenuation requirements at approach for the inlet and fan duct, respectively. Takeoff attenuation 
requirements were reduced to 7.5 EPNdB due to the presence of the noise floor controlled by the 
primary jet. The requirements, based on minimum 0 , are shown in Figures 10 and 1 1 for the inlet 
and fan duct, respectively. 
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5.0 RESULTS 


The airplane flyover noise prediction computer program (EPNL program) was developed to accept 
individual noise component spectra. Each spectra defining the 1/3 octave SPL variation with 
frequency and position. The acoustic characteristic of a turbofan engine was defined by four noise 
components. 

a. Noise due to the low pressure compressor rotation, usually referred to as "Fan Noise" or 
simply "Fan." 

b. Primary exhaust jet noise; Jet prim or Jet 1 

c. Secondary exhaust jet noise; Jet sec or Jet 2 

d. Turbo machinery noise; Turb 

The array defining the turbomachinery noise includes all other internally generated noise. 

The computer program internally separates the fan into forward and aft radiated noise components 
(fan fwd and fan aft). Equal power distribution is assumed at 90*^ with a rapidly decreasing 
Influence of the forward fan component in the aft quadrant and vice versa. 

At this stage all the noise components are stored individually. Changes in the spectra due to noise 
suppression techniques or due to different flight characteristics can be accounted for on a per 
component basis. After all components have been adjusted to match the simulated configuration 
they are added together for flyover simulation calculations. 

The acoustic data for the QF-2 fan was made available in the form of the combined fan and 
secondary jet spectra at a polar distance of 100 feet. The primary jet noise spectra was obtained at a 
250 feet polar distance. Turbomachinery noise was only defined in a frequency region from 1,250 
to 10,000 Hz and for angles from 100° to 130°. The above information and the data source are 
identified in Table 7. The 1/3 octave spectra are listed in Tables 8 through 10. 

All the data was subsequently standardized to a 200 feet polar arc distance at 59°F and 70% 
relative humidity. Furthermore, a polar spectrum defining the secondary jet noise was generated to 
accomplish the separation of the QF-2 fan and secondary jet noise. The modified data and the type 
is identified in Table 11. The 1/3 octave spectra are listed in Tables 12 through 15. 

The EPNL computer program was modified to include the option allowing either fan or combined 
fan and secondary jet noise as basic component input. 

A sample of the EPNL program output is shown in Tables 16 through 21 for a typical approach 
condition. The details and explanation of the input code and data format is described in Appendix I 
(EPNL program description). Table 17 lists the input spectra of the QF-2 fan and secondary jet 
noise (Fan Jet 2), the primary jet noise (Jet Prim), and the secondary jet joise (Jet Sec). The fan 
noise spectrum, which is calculated by subtracting the secondary jet noise from the QF-2 noise data, 
is tabulated in Table 18 (Fan Base). The total jet noise (Jet Tot) is the sum of the primary and 
secondary jet noise. The turbomachinery noise (Turb Base) was extrapolated to include all angles 
(10° through 170°) and all frequencies (50 to 10,0(X) Hz) with an arbitrary lower noise limit of 10 
dB. 



A sample of the trade study output is listed in Table 19. Each line represents the results of a 
particular combination of inlet and/or fan duct attenuation. The notation at the head of Table 19 is 
as follows: 

Two columns each under "Inlet” and “fan duct" indicate the fundamental and harmonic peak 
attenuation value in dB. The number under "jet” is an identifier applicable to the jet noise 
used. The next column contains the EPNL value. Next listed are airplane altitude at overhead, 
airplane velocity, relative humidity, and temperature. The sideline and offset values are relative 
to the FAR Part 36 measuring stations. The climb gradient is listed as "Gamma”, while 
"Alpha" is the airplane angle of attack relative to the flight path. 

The "duration" is the length of time of the flyover which is used in the EPNL calculation. The 
"DEPNL" value is the change in EPNdB relative to the condition for no attenuation in the 
inlet or the fan duct. 

Appendix 7 contains the reduced data from the EPNL and PHI computer programs. The results 
presented are for a 5 and 10 EPNdB noise reduction. The run identification numbers are listed in 
Table 6. 
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6.0 APPLICATIONS AND LIMITATIONS 


The technique outlined in this document can be applied to any turbofan engine installation whether 
mounted on a test stand or on an airplane. A sufficiently detailed noise source description on a 
narrow band or 1/3 octave band basis is desirable to conduct comprehensive EPNL trade studies. If 
the SPL spectra is only available at a few angles and/or in octave band form, an EPNL trade study 
should be limited to establishing preliminary design attenuation objectives. 

The basic limitations in the computer program are the following: 

1. A single airplane configuration can be analyzed during a flyover. This implies a constant 
power setting, climb gradient, angle of attack, and airplane velocity. Although this may 
seem like a severe limitation, in actual flight the above parameters do not change very 
drastically except in a cutback procedure during takeoff. 

2. The attenuation is applied in equal amounts at all angles. Angular dependency is 
neglected because sufficient data were not available to justify the use of a directivity 
correction. However, inclusion of directivity patterns can easily be incorporated. 
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7.0 CONCLUSIONS AND RECOMMENDATIONS 


A trade study based on EPNL level together with a program to minimize the acoustic treatment 
required to achieve the attenuation goal is an economic and effective method to estimate lining 
attenuation requirements for a balanced design with respect to engine and acoustic performance. In 
addition, the portion of the acoustic spectra where the attenuation goal can be achieved are 
identified without spending an excessive amount of computer time and/or engineering manhours. 

A common method of reducing aircraft noise is through the use of acoustic lining materials and 
different nozzle configurations: however, there are other techniques which may satisfy a particular 
requirement. The cutback procedure was introduced to lower the noise level in populated areas 
around the flight path. A proposed two-segmented approach profile can be examined for the same 
reason. Changes in airplane configuration, such as different flap settings, have also been suggested as 
possible candidates for an improved acoustic flyover performance. In view of these considerations, a 
desirable extension of the present EPNL program would be a modification to account for changes in 
power setting, engine spool down time, climb gradient, angle of attack, and airplane velocity. 
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Figure 1, Power Insertion Loss Characteristics 
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57.4 

53,6 

48,4 

39,5 

32, 3 

29,1 

3 2 

l5cn. 

• 54.0 

89.0 

86*0 

81.0 

85,0 

78,0 

75,6 

76,4 

77,0 

71, 1 

11,4 

60,4 

56,6 

50,4 

42,6 

34.4 

29, T 

33 

2000, 

89,0 

94, 0 

90,0 

R5.0 

90,0 

84,0 

80.6 

80,4 

60.0 

76, 1 

75,4 

64,4 

60, 6 

54,4 

45,7 

37,5 

32,9 

1 J, 

7500. — 

■ 

“B« ; CT’ 

"flfi; cr' 34.0^ 

85,0- 

- 77.0 • 

75; 6 

^76,4' 

TT,0 

-74;f 

■-7?,4' 

■ $1.4 - 

■57,6 

'51,4- 

•42.6 

32.5 

* 27,9 - 

35 

lisn. 

82*0 

87, 0 

56,0 

85,0 

86.0 

70.0 

75,6 

76,4 

7S.0 

74,1 

73.4 

62,4 

57,6 

50.4 

40. 7 

32.4 

27.9 

3.5 

5000. 

B3, 0 

R9. J 

36, 0 

85,0 

8fi,(I 

81,0 

76,6 

76,4 

TB,0 

73,1 

71,4 

62*4 

57,6 

51.4 

41.6 

31.4 

29,2 

3 r 

so-v>. 

63, 0 

P^, 0 

85,0 

83,0 

8 7,0 

79,0 

73,6 

74.4 

75.0 

71.1 

70.4 

60, 4 

56. 6 

50-4 

4 0. 7 

11.4 

26,8 

3P 

6 ion. 

E-.O 

86, 0 

B4, 0 

8^,0 

86.0 

75, n 

72,6 

73,4 

74,0 

70, L 

69,4 

59,4 

56,6 

50.4 

40, 7 

31,5 

26,9 

3-? 

ROno, 

79.0 

«4*0 

82,0 

81,0 

64,0 

76,0 

70,6 

69*4 

Tl,0 

67,1 

67,4 

57*4 

54,6 

48,4 

38,6 

29.4 

24,8 

3»D 

1 ODfJO* 

75, 0 ~ 

5 C ♦ "3 

*79;0" 

TT.QT 

"SO, a 

77.0 - 

" 65.B 

66,4’ 

-65,0- 

"6r,T" 

“63*4 -’52, 4 

49,6 

43*4 

11. T 

25.4 

20,0 " 

-- - - 


:■■.■- — 

. - 




. 














V 


fMH fUO 


'"*^“01 ran — ^ 

ANGLE 

10. 

20. 

30. 

40. 

50. 

60, 

70, 

60, 

90, 

100* 

110* 

120* 

130, 

140* 

150, 

160, 

170* 

DAMN 

I 7 

PiFCf* ' 
50, 

60,6 

65,6 

58. 6 

50,6 

64*6 

59.5 

59,2 

59.0 

59.6 

54.7 

55.0 

46*0 

41*2 

41,0 

30,2 

13,0 

26,4 

19 

• 63, 

60.6 

65,6 

58.6 

58.6 

64,6 

>9.5 

59,2 

59.0 

59*6 

54,7 

55.0 

46*0 

43,2 

41,0 

IS* 2 

31,0 

28,4 

19 

80, 

60.6 

65, 6 

5R, 6 

58-6 

$4*6 

59-5 

59. z 

59-0 

59, <1 

54, 7 

55-0 

46.0 

43, Z 

41,0 

3 8.2 

11*0 

29,4 

20 

ion. 

60,6 

65, ft 

5P, 6 

50-6 

64,6 

59-5 

S9.2 

59,0 

61,6 

54,7 

55.0 

46*0 

43.2 

4i,0 

13*2 

31*0 

26,4 

21 

125, 

74.5 

72*1 

76,1 

74.5 

70,5 

73,5 

7S.1 

70,0 

72,9 

70,6 

69-0 

59.9 

54,5 

40.5 

45, A 

40,6 

36,3 

22 

160, - 

“Tr.4 

1»7,4 " 

T8-1 

78.1 

81-4 

77.7 

Ti}-7 

79.7 

58,6 

TO.O 

60.5 ‘ 

-57*2 

51*1 

18,0 

35.2 

30.0 

25.6 ■ 

23 

200. 

79,2 

82.9 

70. 4 

7m, 4 

at*9 

76. 9 

76,5 

76,3 

74,5 

67.6 

66.0 

56,9 

57.3 

51.9 

49,2 

41,4 

36. 7 

?4 

?50. 

78,1 

83.1 

77.4 

76. 3 

79- S 

76.0 

75.7 

76,7 

75.4 

72,4 

71.5 

61,2 

57,0 

53*3 

48, T 

3 3* 3 

33,1 

25 

315- 

80.7 

83. 5 

00. a 

79. fl 

04- 7 

79- 7 

7 3-2 

78,0 

75-9 

71,5 

70-6 

60*1 

57-6 

52,5 

43.2 

11,6 

26,9 

26 

400, 

84. H 

85, a 

f)2.9 

81,9 

83, 7 

79.0 

73. 3 

79.2 

76,3 

72.8 

72-0 

61.8 

57,9 

53.2 

45. 7 

30,3 

33. 7 

27 

500. 

81.9 

84, 9 

80. 9 

81,9 

05,9 

00,8 

79.4 

78-2 

76,5 

71,0 

71.0 

60*9 

57,0 

52-3 

45. 1 

35*4 

10. 7 

70 

6in,“’ 

Fl,9- 

85. 9 

■ 81 , 9 

81.0 

'84- '7 

79,9 

78-5 

79-5 

76.7 

72.9 

’72.2 

51-0 

57.2 

51,5 

46.0 

37.9 

33.3 ‘ 

79 

900. 

83,0 

aa-o 

83, 0 

83, 0 

85. 9 

HO, 9 

79-5 

79.1 

78,9 

74.0 

73-3 

62*2 

53,4 

51, a 

45,2 

35,0 

30,4 

30 

tnoo. 

85,0 

09,5 

fl6,0 

86- n 

90-0 

03-9 

01.6 

82,4 

80,9 

76. 1 

75-4 

61* 3 

59.9 

51.0 

49.7 

37-9 

33.6 

1 1 

1250. 

Pft, 0 

90, 0 

« /. 0 

8 7- 0 

90,0 

14- n 

H2-6 

0 3, ^ 

B3.0 

78.1 

76.4 

65* 1 

61.6 

54*2 

46.0 

30-4 

33. T 

32 

uoo. 

97.0 

91. .3 

88- 0 

88- Cr 

91,0 

06-0 

34-6 

85-4 

PS-3 

BO,l 

79,4 

67.4 

64,6 

55. i 

47.3 

3 9-9 

15,2 

33 

2000- 

8 9. 0 

93, 0 

-n, 0 

H9- 0 

<»2-0 

H7.0 

Ho - t> 

06-4 

8 7-iJ 

63- 1 

41.4 

70.4 

67, 6 

57, J 

4 9, 5 

41,2 

36.5 

"34 

2500,-" 

91, G 

^8.0 

97,0 

97.0 

ICO-D 

94.0 

91.6 

90,4 

90-0 

86.1 

85,4 

73.4 

69-6 

59,4 

51.6 

‘41,3 

33,T - 

35 

H 50. 

90-0 

96. 0 

95, 0 

94-0 

9 '1-0 

92-0 

90.6 

89-4 

R9, 3 

65. 1 

63-4 

72*4 

6rl-6 

5«*4 

50. 6 

42- 3 

3ft, 1 

16 

4000. 

88,0 

93. a 

no, 0 

90. n 

91.0 

80-0 

86-6 

87.4 

B8.0 

64- 1 

62.4 

70*4 

66-6 

56,4 

4 7-6 

43, 1 

15.7 

3 7 

5000, 

88-0 

94- 0 

92,0 

91,0 

94,0 

09- 0 

8 7,6 

8ft-« 

00 -ij 

83-1 

02,4 

71*4 

66, 6 

50,4 

40.6 

41). 4 

19, 7 

38 

6100- 

9«.0 . 

92,0 

9V.0 

90- 0 

93.0 

07- D 

85.6 

87-4 

86-0 

82,1 

81,4 

71*4 

66* 6 

50,4 

40,6 

40-4 

36. t 

. 

90 Oil. 

84, 0 

09- 0 

R»- n 

H8,0 

90, Q 

04.0 

82.6 

33.4 

8 S-O 

80.1 

79,4 

69, 4 

64.6 

*i6, 4 

46-6 

)0, 4 

33.0 


'^7 noon- - 

RO-0 

B6- 1 

84.0 

54-0 

06- 0 

00- n 

7 8-6 

79-4 

79-0 

76- 1 

79-4 

69*4 

60-6 

92.4 

42*6 

14.3 

29. T 
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TABLE 4 

AFT FAN NOISE SPECTRUM 


AFT 



ANGLF 

10, 

20. 

10. 

40, 

50. 

60, 

70, 

HO, 

90, 

100, 

no. 

I20o 

130, 

140, 

150, 

160, 

170, 


W A^IU 

IT 

FKfcU. 

50, 

2,4 

21,0 

14,7 

15,0 

29.2 

?5,0 

17,0 

30,7 

46,5 

51,0 

51.2 

53,5 

54,6 

56,6 

58,6 

50.6 

50.6 


'IB 

61, 

^ 7,4 

21.0 

14,7 

15,0 

29,7 

75,0 

37,0 

30,7 

46,5 

51,0 

51,2 

53,3 

54,6 

56,6 

90,6 

50,6 

98,6 


19 

BO, ■ 

2,4 

21.0 

14,2 

15,0 

29,7 

75.0 

37,0 

36.7 

46,5 

51,0 

51,2 

53,3 

54,6 

56,6 

58,6 

50,6 

90.6 


'‘?0 

' 100. 

*7.4 

71*0 

14,2 

15.0 

29.2 

25,0 

IT.O 

IB, 7 

46,5 

51,0 

51,2 

51,5 

54.6 

56,6 

50*6 

58,6 

5S.6 


?\ 

U5, 

16,4 

76.6 

10. 1 

36,6 

40.5 

40,9 

5 3.0 

56,1 

62.5 

64.9 

67,1 

64,9 

65,9 

64,1 

66*1 

66,1 

66.1 


' 7 ? 

— T^n. 

7 0.6 


— ? Ti'T' 

•34.5 ■ 

- 42.T 

41-7" 

55,7 

' 58. 7‘ 

" 63',« 

64.5“ 

64,7“ 

64,0 

62. 5 

51,6 

* n.o 

71,0 

“71,0“ 


? J 

200, 

21, 7 

J7, 1 

15.2 

H.b 

47, B 

41.6 

54.4 

54,7 

59.5 

63.9 

65, a 

66,5 

69.1 

69,5 

66,9 

62,1 

62,1 

% 

2A " 

750, 

77, 4 

33.3 

11.9 

17.1 

45.7 

42.7 

51.5 

55.2 

61.0 

66,2 

68,9 

60,7 

69,8 

60.9 

66.0 

63.5 

61,5 


25 

115, 

21.6 

34,1 

34, 1 

17.Z 

47c 1 

44,0 

54,9 

56,6 

67,1 

65, 3 

64,0 

6 7.9 

60,9 

69,6 

66. 5 

59.1 

59,1 


2 6 

”• 600, ■ ~ 

“ 26,3 

13.2 

34.4 

13.3 

46,2 

44.1 

55,1 

56,9 

64.6 

63,0 

69.2 

69.4 

70,4 

70,1 

67,9 

61,0 

63.6 

p ' 

2 7 

5 00, 

2 7,6 

36.0 

37.6 

41,4 

49. 5 

47, 1 

56.3 

57,9 

64,7 

6fl,l 

70,4 

n.o 

71,7 

71,5 

68.6 

65,5 

65,5 


7 0 


— 2^;*r 


39. S'" 

47.*r^9.5 

“40i3- 

55.4^ 

■6o;0' 

'67,9 

~7i;f 

■T2;5-'' 

Tt.0 

71,9 

72, 7 

“70.3 

6 7.8 

“67.0 - 


2Q 

BOO, 

21, 3 

42.4 

40. 7 

45.4 

52,6 

50.4 

59.4 

61.1 

60,9 

73.4 

73,6 

71,9 

75,9 

74,9 

70.5 

60,2 

60.2 


TO 

Tono, ■ 

32.9 

43. S 

43.7 

46,4 

51,6 

52.4 

52.4 

64,1 

73,0 

76.4 

77.6 

76,9 

79.0 

79.0 

73.0 

71.7 

71,7 


n 

1250, 

31. 3 

43,4 

45.7 

4R.4 

54,6 

52.4 

63,4 

60. 1 

75.0 

78.4 

79,6 

79,0 

00,0 

80,0 

75,9 

71,9 

73.9 


1? 

1600. 

37.8 

47,5 

49, 7 

51,4 

50,6 

56,4 

65,4 

60,1 

77,0 

81.4 

81,6 

07,0 

81,0 

87.0 

79o0 

75,9 

75.9 


13 

2COO. 

4?.fl 

57.5 

51.7 

Sr>.4 

61,6 

6‘»,4 

70,4 

77,1 

00,0 

04,4 

05,6 

86,0 

07,0 

06,0 

82.0 

79,0 

79,0 



" T^TTn. 3S*T“'^6V5— A— ' 60.1 ■ TT.T B2.A ' 71,0 'TAoO ' 74,0 ’ 


35 

1150, 

15,0 

45,4 

49* 6 

43.4 

59.6 

57,4 

65.4 

60, 1 

70,0 

82,4 

03.6 

84,0 

04,0 

02.0 

77,0 

74,0 

74.0 

16 

40nr. 

3 7.2 

47.5 

49.7 

51,4 

M.6 

59,4 

66.4 

6B«L 

78.0 

BU4 

ai,6 

04.0 

34,0 

03. 0 

70.0 

75,0 

75.0 

17 

50. m. 

36, 0 

4 6* 5 

4S.6 

51.4 

60,6 

57.4 

63,4 

66. 1 

75,0 

19,4 

60.6 

82,0 

01,0 

62,0 

77,0 

71,0 

73,0 

18 

“■ 6100. ■ 

15.5 

44,5 

4 7,6 

51.4 

59, 6 

56,4 

62,4 

65.1 

74,0 

78.4 

79,6 

81,0 

01,0 

02.0 

77,0 

71,0 

73,0 

19 


12. 4 

42- 5 

45,7 

4‘9, 4 

57. 6 

54,4 

ftj,4 

61.1 

71. J 

75,4 

7 7,6 

79,0 

auo 

ao. o 

75,0 

n.o 

7J,0 



“ T conn. 


IB.T 

“47ifr 

*'■45, 4 “^3. 5“'-5ri , 4" - 

^5,4- 

‘ 50, r 

-65,0 

”70,4' 

“73, 6' 

"74,0 

76,0 

75.0 

70,0 

^7,0 

*67,0 


AFT 


•¥flNa~ 

IT 

ANGLC 

10, 

20, 

10, 

40. 

50, 

60, 

70. 

00, 

90, 

100, 

no. 

120, 

130. 

140. 

150, 

160. 

iTOe 


rPFo,' 

50, 

14,5 

24,0 

22.2 

27,0 

30,2 

38,0 

49,0 

50,7 

59.5 

63,0 

65,2 

67,5 

69,6 

t2.6 

74,6 

74.6 

74*6 


10 

63, 

14,5 

24,0 

22. 2 

77,0 

30,2 

10.0 

49,0 

50,7 

59.5 

63,0 

65,2 

67.5 

69,6 

t2.6 

74.6 

74,6 

74,6 


19 

00, 

14,5 

24,0 

22,2 

27.0 

10,2 

30,0 

49,0 

50,7 

59,5 

63,0 

65,2 

67,5 

69,6 

T2,6 

74, 6 

74.6 

74,6 


20 

100- 

14-5 

24.0 

22,2 

27.0 

30,2 

10.0 

49,0 

50. 7 

61,5 

63,0 

65.2 

67,5 

69,6 

72,6 

74, 6 

74,6 

74-6 


21 

125, 

20.4 

30. 6 

39. fl 

42.9 

52,2 

51-9 

6S,0 

69,7 

72,9 

78. 9 

79,1 

01,5 

00.9 

00.1 

82,1 

H2.1 

92,1 


7? ' 

T60- 

If. 2 

40. 9 

42. 7 

46, 5 

55.0 

55,7 

60.5 

71,4 

58,5 

70,3 

78-7 

70,8 

77,5 

‘9.6 

71,6 

71.6 

71.6 " 


7 3 

200. 

33.0 

41, 4 

42,0 

46. 9 

55.5 

55,3 

66.4 

63.0 

74.5 

75,9 

70,1 

00. 5 

84, 1 

65.5 

05.5 

02.9 

02.9 


24 

250. 

32,1 

41,7 

41, 1 

44, 7 

51.4 

5*,, 4 

65,5 

60,4 

75,4 

00, 7 

81, T 

82, 7 

83,4 

34,9 

55, 1 

77,5 

79,3 

H 

25 

115- 

34,5 

42,0 

44.4 

48, 2 

58,3 

5 0,1 

6M.0 

69, 7 

75,9 

79,8 

80*0 

81,9 

93,9 

04, 1 

04. 5 

75, 1 

75.1 


74 

400. 

30,7 

44.3 

46. 5 

50.3 

57*3 

53-2 

6Bo 2 

70.9 

76,2 

61,0 

82-2 

03,4 

04,3 

84,8 

02,1 

79, d 

79,8 

S 

27 

500, 

35, 7 

43,3 

44. 6 

-aO. 1 

59-5 

59- 3 

69,1 

69,9 

76.5 

00,1 

01,2 

02.5 

83,1 

03.9 

01.5 

76.9 

76,9 

H 

7!T 

6TC. 

37.0 

44,3 

45,6 

50.3 

5B,5 

58,3 

60. 1 

71,0 

76,6 

01-2 

' 82*4 

02,6 

01,5 

83.1 

02.4 

79.1 

T9w 1 

-O 

21 

000. 

37.2 

46. 4 

46. 6 

51.4 

59.6 

59* 3 

69.4 

71.0 

73.0 

82, 1 

87-5 

83,8 

04. 7 

03.4 

01.6 

76.5 

76,3 


in 

lono. 

30,9 

47.4 

4 9, 6 

54-4 

63-6 

62,4 

71,4 

74.1 

00,9 

04,4 

85.5 

04.9 

05.9 

04*6 

52,1 

79.4 

79.4 


11 

1250. 

39, fl 

4R.5 

SO. 7 

55,4 

63.6 

6?,^ 

77,4 

75.1 

02,9 

06,4 

R6.6 

06. 9 

07.9 

85,0 

07.4 

79,9 

79,9 


12 

140^, 

40.0 

49.4 

51-6 

56,4 

54.6 

S4.4 

74.4 

7 7-1 

05.0 

80,4 

09.6 

00- 9 

91,0 

P6-9 

01.6 

81.4 

at, 4 


M 

2000, 

41-8 

51.5 

54. 6 

5 7.4 

65,6 

S5.4 

76.4 

73, 1 

37-0 

9t,4 

91-6 

92,0 

94,0 

08.9 . 

05. R 

82. 7 

62,7 


14 

2500, ” “ 

44- 8 

56, 5 

60, 6 

65.4 

73.6 

77.4 

01-4 

02, 1 

90.0 

94.4 

95,6 

95.0 

96.0 

91.0 

87.9 

04,9 

04.9^ 


15 

M50. 

41,8 

54,5 

58, 7 

62, 4 

71-6 

73,4 

30, 4 

81* i 

01,0 

91,4 

9 )*6 

94-0 

95,0 

90,0 

86,9 

03,9 

03.9 


16 

4 000- 

41,0 

51,5 

SI, 7 

58,4 

66,6 

66,4 

76-4 

79, 1 

00,0 

92*4 

92,6 

92-0 

91,0 

88-0 

8 3.9 

01.9 

61,9 


17 

5000- 

41,9 

5?, 5 

4*1,6 

S9.4 

6 7-6 

67, 4 

77.4 

an- 1 

00,0 

91-^ 

92.6 

93-0 

9 3, 0 

00, 0 

85- 0 

Bl.9 

01.9 


10 

6100, 

42.7 

50,5 

54, 7 

5R,4 

66- 6 

65,4 

76,4 

79-1 

06,0 

90-4 

91-6 

93, 0 

91. 0 

90,0 

05.0 

01.9 

BU9 


11 

0000. 

37,0 

41.5 

51. 7 

56. 4 

b 3 . 6 

52.4 

72-4 

75,1 

81,1 

00-4 

09-6 

91.0 

91.0 

08.0 

0 1,0 

79.9 

79,9 


40 

10000. •*'■ “■ 

■3:,0 ■ 

44.5 

47,7 

52,4 

59.6 * 

50,4 

6fl,4 

Tl.l 

79-0 

04-4 

85-6 

87,0 

87-0 

84,0 

75.9 

75,9 

75,9- 




TABLE 5 

APPROACH AND TAKEOFF FLIGHT CONDITIONS 


CONDITION 

ROTOR 

SPEED 

(%) 

FAA REF. 
POINT 
(N. MILE) 

VELOCITY 

{FT/SEC.) 

ALTITUDE 

(FT.) 

CLIMB 

GRADIENT 

ANGLE 

OF 

ATTACK 

Approach 

60 

1 

254 

370 

-3.0° 

3.7° 

Takeoff 

90 

3.5 

317.44 

1000 

4.57° 

o 

cq 



TABLE 6 

EPWL TRADE STUDY RUN IDENTIFICATION 


RUN 

CONDITION 

TURBINE NOISE 

PRIMARY JET 
ATTENUATION (dB) 

EPN LEVEL 
WITHOUT LININGS 
(EPNdB) 

lA 

Approach 

Yes 

0 

101.80 

2A 

Takeoff 

No 

0 

103.02 

5A 

Takeoff 

No 

10 

101.83 

10A 

Takeoff 

No 


101.70 

11A 

Approach 

No 


101.66 

12A 

Takeoff 

No 

2.5 

102.56 

13A 

Takeoff 

No 

5.0 

102.22 

14A 

Takeoff 

No 

7.5 

101.98 


38 



TABLE 7 

INPUT DATA IDENTIFICATION 


DATA 

TYPE 

ORIGIN 

Fan + Jet 2 

1 00-ft. Polar 

NASA-Lewis 

Jet 

250-ft. Polar 

General Electric 

Turbomachinery 

370-ft. Sideline 

General Electric 



TABLE 8 

FAN AND SECONDARY JET NOISE SPECTRUM (100-FT. POLAR) 


IFAM 4* 



ANOLl 

10. 

20* 

D 

■ a 

■ 

i 

50* 

90* 

60* 

TO* 

80* 

90* 

100* 

no* 

120. 

ijn. 

140* 

150* 

lAO* 

170* 

---ilANO 
1 T 



50 • 

7?.0 

66*0 

75.0 

70*0 

79*0 

70*0 

n*rt 

7U0 

13*0 

75*0 

75-0 

77*0 

76.0 

00*0 

02*0 

62*0 

S2.0 

(0 

- 63« 

72.0 

06*0 

75*0 

70*0 

79.0 

70.0 

ll.o 

7t*0 

73.0 

75*0 

75.0 

77.0 

78*0 

80.0 

82*0 

82 * 0 

62 *0 

1 9 


72.0 


75.0 

70*0 

79*0 

70.0 

71.0 

71*0 

71.0 

75*0 

75.0 

77.0 

7tt*0 

80*0 

82 * 0 

82*0 

02*0 

- /O 

loo. 

12.0 

66 . 0 

75.0 

fO.O 

79.0 

70.0 

71. U 

71 -0 

7 3*0 

75*0 

75.0 

77.0 

78.0 

00*0 

02.0 

82.0 

02.0 

i 1 

1^5. 

73 .0 

82*0 

76.0 

76.0 

79.0 

72.0 

73.0 

75*0 

75.0 

76.0 

77.0 

77.0 

76*0 

78.0 

00*0 

00*0 

00.0 


190. 

- 15.0 

,69.0 

76*0 

75.0 

79.0 

73.0 

7-*.0 

15, l> 

75.0 

75*0 

75.0 

76,0 

76.0 

17.0 

70.0 

78*0 

76 .0 

2 J 

200. 

IT. a 

B7*0 

79.0 

75.0 

d2*0 

7 3,0 

7i*0 

72*0 

72*0 

14 *0 

75*0 

76*0 

76.0 

79*0 

79*0 

78.0 

76*0 


270. 

Ib.O 

65*0 

76.0 

76.0 

80. 0 

72*0 

72.0 

72.0 

75.0 

75,0 

77*0 

77.0 

78.0 

78*0 

78*0 

77.0 

77 -0 

1 ^ 

315 • 

77.0 

6A.0 

7d*0 

Tb.O 

dl .0 

73.0 

73*0 

73*0 

7i*0 

74.0 

76.0 

76.0 

77.0 

78*0 

77*0 

75-0 

75.0 


900. 

80.0 

83.0 

76.0 

77.0 

60.0 

73.0 

73.0 

73.0 

75-0 

76.0 

77*0 

77*0 

78.0 

70.0 

77.0 

75-0 

75*0 

2 T 

500. 

81*0 

65.0 

ai.o 

60.0 

83*0 

76.0 

75*0 

75*0 

75*0 

Ib.O 

78*0 

76.0 

79*0 

79*0 

77*0 

75,0 

75 *0 

2h — 

-930* - 

~ 82.0 

66.0 

6 3*0 

dl *0 

83.0 

7 7.0 

76.1) 

76.0 

7 8*0 

79.0 

60*0 

79.0 

81 *0 

00.0 

70.0 

/ft * 0 

/ ft * (J 

29 

dno. 

83.0 

91.0 

65. 0 

65*0 

86 .O 

79..) 

71.0 

7 1.0 

79*0 

8L.0 

8t .0 

81*0 

31-0 

82.0 

70.0 

76*0 

76*0 


1000. 

69.0 

92.0 

61.0 

65.0 

07.0 

6 1.0 

60.0 

80, Q 

03*0 

64.0 

65.0 

04*0 

66*0 

86.0 

81.0 

79,0 

79 .0 

1 1 

1250. 

6 7*0 

92.0 

69. 0 

61.0 

88*0 

31 *0 

rtl.O 

d2.0 

85*0 

66.0 

87-0 

86*0 

8f-0 

0 7.0 

61.0 

a 1 .0 

01.0 


IbUO* 

91.0 

96.0 

93.0 

90.0 

92.0 

65.0 

6 3.0 

65.0 

87.0 

69*0 

89.0 

69.0 

90*0 

59 .0 

06*0 

63.0 

83*0 

1 3 

2000. 

96.0 

lOl.O 

91.0 

95-0 

97.0 

91. 0 

Aa.o 

dd.O 

90-0 

92*0 

93.0 

93.0 

94*0 

91,0 

89.0 

86.0 

66 . 0 

• 

2500. 

90.0 

95.0 

93.0 

91.0 

92 .0 

65.0 

83.0 

85.0 

67*0 

90,0 

90*0 

90*0 

•*\ qO 

90.0 

66.0 

a i *o 

6 1 *1) 

1 1 

3i5n . 

90*0 

95*0 

95.0 

93.0 

95*0 

6 7*0 

65.0 

85.1] 

89-0 

9l , J 

92.0 

92.0 

92*0 

90.0 

05.0 

62-0 

02.0 

J 6 

5000 . 

9i*0 

9 7.0 

9-*.0 

93.0 

96.0 

69.0 

65.0 

85.0 

89.0 

90*0 

92.0 

92.0 

92*0 

91.0 

86.0 

83.0 

Hl.O 

> 7 

50i;a • 

9l*D 

96*0 

*13,0 

91.0 

95.0 

67.0 

62*0 

8 3.0 

66.0 

86.0 

89.0 

90.0 

91 .0 

90.0 

85 . 0 

8t .0 

81.0 

3 d 

o > >o . 

90.0 

95.0 

92.0 

91,0 

95.0 

6A.O 

-il.O 

82.0 

85.0 

8/ .0 

06.0 

09*0 

91*0 

90.0 

85*0 

di .0 

8 1 « 0 

39 

dnoo. 

dcl.O 

*)3*0 

91.0 

90*0 

93,0 

6-> . 0 

AQ,*y 

79*0 

» J »<J 

65.0 

8 7.0 

68.0 

90.0 

09.0 

04*0 

80.1) 

80.0 

90 

i*>i)00. 

- 85*0 

90.0 

63-0 

67.0 

90.0 

62.1) 

76*0 

77.0 

70*0 

HI .0 

64*0 

84*0 

64*0 

05*0 

8v)«0 

7 7,0 

- 7 7 *0 











_ , 





, 


— 



- - 

— 




8AN0 ‘ ■ 


1 7 

50. 

18 

ft 3* 

19 

bO* 

20 

100* 

21 

125. 

22 - 

160. 

2 3 

200 * 

24 

2“>0, 

25 

315* 

26 

400. 

2? 

500. 

26 

- 6 30, 

29 

600* 

10 

lOo J » 

3 1 

J2 5tj . 

12 

1600. 

33 

2000 . 

14 

2SIUJ* 

35 

31M), 

16 

4000* 

) f 

5000. 

36 

6 )0O • 

39 

6000. 

4 0 - 

tuooo. 


iO. 

d 7 .0 
H6.0 
ai.O 
97 ,0 
bS.O 
91*0 
90.0 
**e .0 
'U.O 
.0 
9*# . u 

9H .0 
9d-0 
9r»*0 
9fa .0 
9f>,0 
9J.0 
90 ^t) 






FAN 

•i- 

J£T2 









20. 

30* 

40* 

50. 

69. 

fO* 

00* 

40, 

too* 

110* 

* 

O 

110. 

140* 

150* 

UO. 

170* 

69.0 

62.0 

62.0 

88*9 

61. U 

6 3.0 

63*0 

66*0 

87*9 

09.0 

91*0 

9l*t) 

96* 0 

90.0 

90.0 

90*0 

89*0 

62,0 

62.0 

88,0 

8 3.9 

H 1 .U 

03,0 

86*0 

67*0 

09*0 

91.0 

91.0 

96.0 

98.0 

90.0 

99,0 

89,0 

62.0 

62*0 

60,0 

dl.O 

63.0 

83.0 

bb.O 

Hf*n 

09.0 

91.0 

91«0 

96,0 

90.0 

96.0 

90.0 

89 * 0 

82.0 

82*0 

66.0 

81.9 

43,9 

0 1,0 

86*9 

01*0 

09*0 

91*0 

91*0 

96*0 

90*0 

90*0 

98.0 

8ti«0 

05-1) 

64.0 

69.0 

64.9 

85.9 

d 7,0 

dU.O 

8V.0 

90,0 

92. 0 

93.0 

94.0 

96.0 

96*0 

96.0 

91*0 

86.0 

86 .0 

90*0 

bfi . 

8/. 9 

68.9 

88 .9 

88.0 

89.0 

90.0 

91 .0 

93.0 

95. 0 

VS.O 

95.0 

9 1*0 

66.0 

Ob . 0 

99.9 

6 > . 0 

8 5.0 

85*9 

B5.9 

6ft .9 

8'i.O 

90.0 

93,0 

95,0 

9ft. 0 

95*0 

95,0 

91*0 

<t5 -O 

O'. . 0 

86 *9 

84.9 

6 4.9 

85.0 

87.0 

H9.0 

90.0 

91.0 

92.0 

94.0 

95.0 

93-0 

93*0 

9t .0 

H8.0 

87.U 

92 .0 

rt/,0 

hft, 1) 

06.0 

d 7.0 

86.0 

89*0 

90.0 

92.0 

9 3.0 

94.0 

91,0 

91 .0 

9 3.0 

90*0 

69.0 

91.9 

rt/.O 

66.0 

8 7.9 

e 7.0 

69.0 

90.0 

91,0 

92.0 

93,0 

92.0 

91.0 

91,0 

92,0 

KS.O 

69.0 

93.9 

86.1) 

6/.0 

06*0 

8 7.0 

08.0 

89*0 

90,0 

91,0 

92. Cl 

91,0 

09,0 

89.0 

'^3*0 

89 *« 

09.0 

92.0 

8 / . 9 

66 . 1) 

0 7.0 

0 /*0 

89.0 

90.0 

90.0 

91.0 

91.0 

91.0 

09.0 

09*0 

95.0 

99.0 

90.9 

9 1-9 

66.9 

17,0 

8 7,0 

69*9 

90.0 

91.0 

91.0 

92*0 

91.0 

9J-0 

8 7.0 

hT .0 

94. . 0 

9 3.) 

9 3.0 

9 7.9 

o 1 - 0 

69.9 

99.0 

VI .9 

92.0 

93.0 

92,0 

93,0 

92.0 

90.0 

8H.v3 

88*0 

9 7,0 

94.0 

94.0 

9 / .9 

9 1.0 

99 • 9 

91,0 

Vi. 9 

94.0 

94.0 

94- 0 

95.0 

93.0 

90.0 

88.0 

86.0 

Sb .0 

95.0 

9'5 . 0 

9b « ') 

9 3.0 

‘>2 .9 

9 1.9 

**5.0 

9r> , 0 

9 7.0 

9ft, 0 

98 .0 

94.0 

91,0 

09.0 

09.0 

1 jo.o 

9.J.0 

Orj .0 

90. 

94, :) 

. n 

94 . 0 

v/.o 

59.9 

9^.0 

99.0 

101 *U 

96.0 

9 3.0 

90.0 

90.0 

IU6 ,U 

,0 

1 Mft . 0 

10 / .0 

l U .9 

99.9 

96.9 

lOi).0 

192.0 

103. « 

102.0 

103.0 

48.0 

95*0 

9/.0 

9/ *0 

1 04 . 0 

lOl.U 

» o/.o 

l'v)rj . i 

i'l ).() 

9 » .J J 

96.0 

109.0 

192.0 

192.0 

102. 0 

Ui3.n 

98.0 

95*0 

92.0 

92 -Q 

101.9 

98*0 

9b.O 

191.9 

9o.i) 

9:i.9 

9b. 0 

99 -0 

101,0 

IQI.O 

100. 0 

101. 0 

96.0 

92.0 

90.0 

90.0 

1 J2 -v) 

loo. 9 

99,0 

192 .9 

9 7.0 

9ft , 9 

9 7.0 

99.0 

100.0 

101*0 

101*0 

lOl.O 

98.0 

91.0 

90.0 

90*0 

loo-O 

99.0 

9o .0 

1 0 1 . 0 


94 ,0 

9ft. O 

9 7.9 

99.9 

100. u 

lol.o 

lOl.O 

9H,0 

93.0 

90,0 

90,0 

9b . J 

9 1.0 

9 . . f) 

99.9 

'4). 9 

92,0 

93.0 

95.9 

98.9 

99.0 

100.0 

lon.o 

97.0 

92.0 

89.0 

89,0 

9o . 0 

94.0 

94.0 

9 5. \) 

99.0 

r9.0 

90.0 

92,0 

V5.Q 

9ft. U 

97*0 

9/.i> 

94,0 

89.0 

8ft. 0 

8ft . 0 


approach i I = i i I TAKEOFF 



TABLE 9 

PRIMARY JET NOISE SPECTRUM (250 FT. POLAR) 


JET 


‘~64NO~ 

ANGLE 

10. 

20. 

30. 

40* 

50. 

60. 

17 

50. 

51,2 

52.1 

52.9 

53.6 

54.6 

55.2 

18 

63. 

54.8 

53.5 

53.8 

54.4 

54-9 

56*0 

19 

80. 

5o.O 

54.5 

54. 7 

55.3 

55.9 

56.6 

20 

100. 

56.4 

54,7 

55.0 

55.4 

56.2 

57,0 

21 

125. 

56 • 9 

55.0 

54.9 

55.5 

56.2 

57.0 

22 

loO • 

-- 56.8 

54.7 - 

54.7- 

55,3 ~ 

56.0 

5ft *9 

21 

200. 

56.5 

54.3 

54.4 

54.8 

55.5 

56.1 

24 

250. 

56.2 

53.8 

53,7 

54.2 

54.7 

55.5 

25 

315, 

55.7 

53.0 

52.9 

53- 3 

53.8 

54.6 

26 

4Q0. 

55.0 

52,2 

52.0 

52.2 

52. y 

53.6 

27 

500. 

54.2 

51,2 

50. d 

51.1 

51.8 

52,5 

26- — 

6 30. -- 

-53.3 

50- 1 

•hH.8 

50.0 

50,6 

51.3 

29 

800. 

52.4 

49,1 

48,5 

.48.8 

49-4 

50.0 

30 

10^)0. 

51.5 

4b.T0 

47. 3 

47.5 

48.1 

48. 7 

i 1 

1250. 

50.5 

46.7 

46.0 

46.2 

46.7 

47.3 

12 

16U0. 

49. 4 

45.4 

44,7 

44.9 

45.2 

46 . 1 

33 

2000. 

48.2 

44.1 

43.4 

43-4 

43.9 

44. 7 

- 34 - 

" 251)0. 

46.8 

42./ 

42*0 

41.9 

42.5 

43. 3 

35 

31^10. 

45.4 

41 , 3 

40.6 

40-7 

41.2 

41,9 

36 

6l)ilO . 

S4.0 

34* 8 

3*#. 4 

J9.4 

40.0 

40.6 

3 7 

500 ). 

42. 7 

3b. 5 

3a. 1 

38.1 

38.7 

39.3 

38 

6 3oO . 

4U5 

37.3 

36.9 

36.9 

37-5 

38.2 

39 

dOiio. 

40.4 

3t*2 

35. 1 

35.7 

36.2 

17.0 

40 

loouo. 

39.2 

35, 1 

34.4 

34.6 

35.1 

35.0 


JET 



angle 

10. 

20- 

30. 

40. 

50* 

60- 

- 8460 

eheo. 







1 7 

50. 

77.7 

76.6 

77.3 

70.1 

79.1 

79.6 

18 

o 1 « 

80-3 

79. (J 

79.3 

79.9 

80.5 

8 1.6 

19 

dO- 

82.6 

dl . 1 

81.3 

01.9 

d? .5 

0 3.2 

20 

lOi), 

84,0 

82.3 

82.6 

83 .0 

ai.H 

04,6 

21 

125. 

85.5 

8 3.6 

83.5 

84. 1 

04.8 

05.5 

22 

16-3, 

- 86.2 

84- 1 

04.2 

04.7 

05.4 

H6.2 

2 1 

200, 

86,8 

84 • 6 

04,6 

05.0 

85.0 

06,5 

24 

2 5.) . 

87.2 

84. 14 

04, 1 

85.1 

85.7 

06,5 

25 

315* 

87.2 

84. 6 

84.4 

S4.9 

05.4 

06,2 

2 6 

400 . 

87.1 

84.2 

04. 1 

04.3 

8S . 0 

85. 7 

27 

5(H). 

66*7 

Hi. 7 

03. J 

03.6 

04. J 

05,0 

- 28 

6 3»>. 

86. 1 

82*9 

02.6 

82.8 

03.3 

04. 1 

29 

800. 

6 5.4 

82.0 

01.5 

81.0 

82. i 

0 3.0 

30 

1000. 

04.6 

8 1,0 

00,'* 

00.6 

81 . 1 

dl .0 

il 

1250. 

83.6 

/V.8 

79. 1 

79.1 

79.0 

dO-4 

32 

1600. 

8 2.4 

78.4 

7/,d 

77.9 

70 . 3 

79- 1 

31 

2003. 

81 . i 

7 7.(1 

76. J 

76.3 

76.0 

7 7*t> 

34 

2500. 

7 9.6 

75.4 

74 , 0 

/4 .6 

75.2 

iD.O 

35 

1150. 

78* J 

M.b 

73.2 

7t,2 

73,7 

74.4 

16 

4000 . 

76.3 

72.2 

71 . 7 

/t . 7 

72 * i 

7J.9 

1 7 

5000- 

74.8 

70.7 

70.2 

7o*2 

70.8 

71-4 

38 

6 100. 

7 3.5 

69-4 

60-9 

68.9 

69 * 5 

70.2 

w 

8000. 

72. 3 

68.2 

67.6 

6/. 7 

6t,.2 

69.0 

4?> 

1000 J. 

71.2 

t> 7 * 1 

, 4 

DO. 6 

67.1 

D / . 0 


PAIN 


ru. 

ao. 

90, 

IOC. 

110. 

120. 

130* 

140* 

150. 

160. 

55.9 

57,2 

58.9 

60.8 

63.0 

65.9 

69.2 

73.2 

77.9 

75,6 

56. a 

58*1 

59-5 

61,5 

63.5 

6b .4 

69*4 

n,i 

76.7 

74.8 

57.5 

50.7 

60.2 

61.9 

64.0 

66.7 

69,4 

72.7 

75.3 

73,4 

57.0 

58 ,9 

60.4 

62. 1 

64.2 

66.6 

69.1 

72.1 

73-9 

71.7 

57. d 

58.9 

60.3 

62-0 

63.8 

66.2 

60.5 

71-2 

72.0 

70,1 

4/ *4 

50.6 

60 .0 

61 .6 

- 63*3 - 

65.5 

' 67.7 

69.9 

70*1 

68,3 

57,1 

50,1 

59-3 

60,9 

62.6 

64.6 

66*6 

68.5 

68,2 

66.4 

•>o . 4 

57.3 

Sd«6 

60.1 

61.6 

61.4 

65*3 

66*8 

66.0 

64. 3 

55.5 

56.4 

57.5 

59. 1 

60,5 

62.2 

61.9 

64.9 

63.9 

62*2 

54.6 

54.4 

56.4 

57.8 

59.1 

60*9 

62.4 

62.9 

61.8 

60.3 

53.1 

54. 3 

55-3 

56,5 

57-8 

59-5 

60.8 

60.8 

59.5 

58-J 

S2* 1 

53.0 

54,0 

55, 1 

56 • 5 - 

57.9 

59.2 

5H * 8 

5F.4 

56,3 

50. d 

51.7 

52.7 

53,0 

55-0 

56,4 

57.4 

56. a 

55-3 

54,4 

4'#, 5 

50,4 

51.2 

52* 3 

53*5 

54. 0 

55.7 

54,0 

53.2 

52.5 

4d. 1 

49.0 

49. a 

51-0 

52.1 

53,3 

53.9 

53*0 

51.2 

50.6 

46.0 

4 7.6 

40.4 

49.5 

50-d 

51,9 

52.0 

51,2 

49.2 

48.9 

45,5 

46*2 

47-0 

48. L 

49. 3 

50.1 

50.3 

49.4 

47-4 

47.2 

44. 1 

44*0 

45.7 

•6- / 

47.9 

49.0 

4d .6 

47-7 

45.6 

45.4 

42.0 

43.5 

44.4 

45.4 

46.7 

47. 7 

47*0 

46. 1 

44.0 

43.8 

4 1.5 

42,2 

43.2 

44.2 

45.4 

46. 5 

45*6 

44,6 

42.5 

42.2 

40.2 

41-0 

42,0 

42.9 

44.1 

45.1 

44.1 

43. 1 

41.0 

40.7 

39-0 

39-0 

40.8 

41 . 7 

42-9 

43.9 

42 , ? 

41 . 7 

39.6 

39,3 

37,7 

30-6 

39*5 

40 « 6 

41.6 

42.7 

41.3 

40. 3 

18. 1 

18.0 

36.5 

3/-i 

30.3 

39.2 

40.4 

41.5 

40.0 

39.0 

36.9 

36* 7 


PAIN 


70. 

JO. 

90* 

100. 

no. 

120. 

130. 

140. 

150. 

ibo. 

0O. 1 

8 1,6 

dl. 1 

85.2 

ar.4 

90.3 

93.7 

9T.7 

102.3 

100. 1 

d2* 1 

81.6 

d5 . 0 

87*0 

89.0 

92.0 

95.0 

98.6 

M2 -2 

I0i)*3 

04*1 

85* 3 

06. d 

80 . 5 

90*6 

93.3 

96-0 

99. J 

J 04.9 

100.0 

85.4 

do* 6 

HH.l 

89. d 

91.8 

94.2 

96-7 

99*7 

1 >1.5 

91.3 

06, 4 

8 ;*5 

dd.9 

90.6 

92.4 

94.7 

97.1 

99,8 

100.6 

98.7 

06. V 

80, 1 

09,5 

91 . 1 

92.8 

94,9 

97. 1 

99, J 

99,6 

97.7 

0 7.4 

dtl* 1 

09- 5 

91. 1 

92.9 

94.8 

96,9 

90. 7 

48.4 

96*7 

0 # . 4 

00. >» 

09.5 

9l .0 

92,6 

94,4 

96.3 

9 7.7 

07,0 

95, 3 

d /. 1 

0 7.9 

09,1 

90*6 

92.1 

93.8 

95.5 

96.5 

95.4 

91.4 

0ri ,5 

8 / .5 

60.5 

h9 .9 

91 . 1 

93,0 

94*5 

95.0 

91.9 

92.3 

tt‘j. 0 

do . 0 

b I .8 

ttO-O 

90, 3 

92.0 

93.3 

93.1 

92,0 

90,8 

04* Y 

d 4 * 0 

06.0 

0/ *9 

69. 3 

9vl* 1 

91.9 

91*6 

90,2 

89.1 

01 . il 

84* 7 

85*6 

86*8 

88.0 

89.4 

90.3 

09-0 

8d . 3 

87.3 

0/*. 6 

B i.4 

84- J 

85. 3 

86.6 

d7.9 

88.1 

tt?.9 

86, 3 


rll -2 

0 2-0 

82.9 

04.0 

85.2 

86 • 4 

0 7*0 

86. 1 

84.1 

a J. r 

/ #.d 

d'i.D 

Hi .4 

02-5 

dl.d 

84-9 

04. 1 

84,2 

02, 1 

81.9 

/H*-. 

70*1 

79.9 

8 1 .0 

82.2 

i3.2 

81.2 

82- 1 

80* 1 

40.1 


/ 7,6 

70.4 

79-5 

00,6 

01.7 

dl .4 

00.4 

70-4 

78.1 

/5- J 

/o.O 

76, 9 

7 7,0 

79.2 

80-2 

79-6 

70*6 

76.6 

76, 3 

M.8 

7*,. 5 

75.5 

|D*S 

7 7,7 

78.4 

7 7.9 

7b. 9 

74-8 

74.6 

f/, \ 

7 1-1 

14,1 

15-0 

T6*> 

77-2 

76.2 

75,2 

M.l 

72* <1 

71.:) 

7 i .0 

72.8 

73-7 

74.9 

75.9 

74*1 

73.7 

71.6 

71-4 

64 . / 

70.6 

71 

72*5 

73.6 

74. 7 

73-1 

72- 1 

70-2 

70-0 

iH-4 

64. 5 

70- 1 

U-2 

72.4 

73,5 

72 ,13 

71. (i 

60.9 

60-7 


170 . 


T5.A 
74. S 
73,4 

71.7 

70.1 

68.3 

66.4 

64.3 

6i?.? 

60. 3 

58.3 

56.3 

54.4 

52.5 

50.6 
48.^ 

47.2 
45,4 

43.8 

42.2 

40.7 

39.3 
38.0 

36.7 


170 . 

100.1 
100.3 
|r>0 .0 

93.3 

98.7 

97.7 
‘^6,7 

95.3 

93.8 

92.3 
YO.d 

89.1 
9T.3 
85.5 

83.7 
81 .9 

80.1 

Id. I 

76.3 

74.0 

72.9 
71-4 

70.0 

68 . 7 


APPROACH ’ • i T.\KEOFF 



TABLE 10 

TURBOMACHINERY NOISE SPECTRUM (370 FT. SIDELINE) 


TURR SASfc 



ANGLE 

to* 

io. 

30. 

AO- 

50. 

60. 

TO. 

HO* 

40* 

100* 

uo* 

120* 

150* 

140. 

150. 

160* 

170* 

■ -OAnO — "" 

1^14 1 *- 


















IT 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10.0 

10. 0 

10*0 

10.0 

0.0 

0.0 

0*0 

0*0 


a * . 

0.0 

0.0 

0*0 

0.0 

0.0 

0.0 

0.0 

u.u 

0.0 

10. 0 

lo.a 

10-0 

10*0 

0*0 

0*0 

0*0 

o.u 


80* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

u.n 

0.0 

0.0 

10.0 

10.0 

10*0 

lO.O 

0.0 

0*0 

0*0 

0*0 

art 

too* 

0.0 

0.0 

0.0 

0.0 

o.u 

i».U 

0.0 

0.0 

0.0 

10.0 

10. 0 

lO-O 

10.0 

0.0 

0*0 

u.o 

0.0 

ZL 

iZS. 

0.0 

0-0 

0.0 

0.0 

0.0 

0.0 

o.u 

u.o 

0.0 

10.0 

10. 0 

10*0 

10*0 

0.0 

0*0 

0*0 

0.0 





0.0 

- 0*0 - 


o.u 

u.o 

u. 0 

0*0 

|U*0 - 

10*0- 

10*0 

10*0 

- O.J1 • 

U*J> * 

0-0 - 

0*0 









Z } 

20vJ. 

0.0 

0.0 

0-0 

0.0 

0.0 

0.0 

0-U 

u.u 

0.0 

10. 0 

10. 0 

10-0 

10. 0 

0.0 

0*0 

0.0 

D-0 



0.0 

0.0 

0.0 

0.0 

0.0 

U-0 

0.0 

o.u 

0.0 

10.0 

10. 0 

10. 0 

10. 0 

0.0 

0*0 

0.0 

0.0 

?5 

31^* 

0.0 

o.n 

O.rt 

0.0 

0.0 

0-0 

0.0 

s'), a 

0-0 

10-0 

10.0 

10.0 

LO.O 

0.0 

o.u 

0.0 

0,0 



0.0 

0.0 

o.rt 

0.0 

0.0 

u.o 

u.u 

u.o 

0-0 

10. u 

10. 0 

10.0 

10. 0 

0*0 

0.0 

0.0 

0.0 

zl 

^urt . 

0-0 

C-0 

o.u 

o.u 

0.0 

0-0 

u.o 

u.o 

0.0 

10.0 

10.0 

10. 0 

10.0 

0.0 

0-0 

0.0 

o.u 

- - 

a4i>. 

U.O • 

0.0 - 

0.0 ■ 

• 0.1> - 

0.0 

U-0 

u.u 

0*0 

u.o 

iO.U 

10.0 

lU.U 

lU.O 

0-0 

0*0 

0.0 

0.) 

z*t 

riOO . 

c.o 

o.u 

0.0 

0.0 

0.0 

0.0 

0,0 

a.o 

0.0 

lU.O 

lu.o 

10. 0 

lU.O 

u.u 

0.0 

0.0 

0,0 

*0 

looo. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

u.o 

0-0 

0.0 

10. 0 

10*0 

10. 0 

10*0 

0-0 

0*0 

u.o 

u.o 

ii 

IZ'yd* 

0.0 

0.0 

u.rt 

0.0 

o.u 

0.0 

0.0 

0.0 

0-0 

<*0.0 

<>l*0 

41.6 

10.0 

0.0 

0.0 

0*0 

0.0 

iZ 

loirU* 

0.0 

O.o 

0.0 

0.0 

u.o 

0-0 

0.0 

0,0 

0.0 


4T.0 

44. tf 

4U.0 

0*0 

0.0 

0*0 

0.0 


aooD* 

0.0 

0.0 

0.0 

Q.U 

0.0 

0.0 

0.0 

0.0 

Q-0 

^6.0 

46- f 

47-T 

41.5 

0.0 

0.0 

0.0 

0.0 

- * 


0-0 

0.0 “ 

rt.rt - 

- u.o 

0.0 

U. I> 

u.u 

u.u 

rt,t> 


44-5 

50. « 

47-7 

0.0 

0.0 

0.0- 

u.o 


Jlt.0* 

. 0.0 

u.o 

0.0 

0-0 

0.0 

u.o 

0.0 

0.0 

0.0 

*>2.l 

62*d 

51.7 

50*0 

0,0 

0.0 

0*0 

0.0 

ib 

^tiort. 

u.o 

0.0 

0.0 

o.u 

Q.U 

u.u 

0.0 

u.o 

u.o 

5H.U 

S5-5 

54,1 

55.1 

0.0 

0.0 

0-0 

0.0 

il 

!»OrtO. 

u.o 

0. 0 

o.n 

0.0 

0.0 

0.0 

U.sJ 

0.0 

0-0 

62. •> 

611-5 

64.2 

60.2 

0.0 

0.0 

o.rt 

0.0 


6iO()« 

0.0 

0.0 

0.0 

0.0 

u.o 

0.0 

U. s) 

o.u 

0.0 

6f.6 

65.5 

64.0 

65.4 

0.0 

0*0 

0*0 

0*0 


a 00s)* 

0.0 

u.o 

u.o 

0.0 

0.0 

0.0 

0.0 

0.0 

0-0 

6d- 1 

70-0 

64.0 

65.2 

0.0 

0*0 

0*0 

0-0 

' 4 0 


0.0 

0-0 

0-0 

0.0 

0.0 

u.o 

o.u 

u.o 

u.u 

6H-6 

6H.0 

6H. 7 

60.0 

o.u 

u.o 

0.0 - 

0*0 


.\PPR0ACil 



TABLE 11 

MODIFIED DATA IDENTIFICATION 


DATA 

TYPE 

Fan + Jet 2 

200-ft. Polar 

Jet 1 

200-ft. Polar 

Jet 2 

200-ft. Polar 

Turbomachinery 

200-ft. Polar 


43 



TABLE 12 

FAN AND SECONDARY JET NOISE SPECTRUM {200-FT. POLAR) 


FAN JET3 



ANGLE 

10. 

20. 

10- 

4)0* 

SO. 

60. 

70. 

80* 

90. 

ioo* 

IT 

f4lt 

50* 

bti.O 

T<«.0 

67.0 

63*0 

72.0 

61.0 

64.3 

64.0 

66.0 

68,0 

IS 


"65.0 

TOpO 

67.0 

63*0 

72*0 

61,0 

64.0 

64.0 

66.0 

6d.O 


dO. 

6>.0 

74,0 

67.0 

63.0 

72.0 

61.0 

64. 3 

64.0 

66-0 

68.0 

«»0 - 

100. 

' 65.0 

74.0 

67.0 

63.0 

72*0 

63.0 

64 . 0 

64.0 

60*0 

6d * 0 


125* 

66*0 

75.0 

69 . 0 

69,0 

72.0 

6 5.0 

66. 0 

6 7.0 

68.0 

69.0 



oO.O 

/ A - 0 . 

- 6?.a 

~l2-0 

75,0 


4l.O 


..£,4,0 ■ 

68.0 


200 * 

?o.o 

72.0 

67.0 

66.0 

6b . 0 

65.0 

65.0 

67,0 

- ^ V - 

. .. 2 >0 . 

- - 6*^.0 

TT.O 

64.0 

69,0 

73.0 

65*0 

65,0 

65.0 

67,0 

68-0 



TO.O 

77.0 

n.o 

69.0 

74.0 

66.0 

66,0 

66.0 

66.0 

67.0 

^ 

— v>a* 

- - yi,o 

76.0 

7k. 0 

70.0 

7 3,0 

66 » 0 

66 « 0 

66*0 

6 d a ^7 

69,0 

1 7 

•>00. 

76 *0 

7b. 0 

74.0 

73.0 

76-0 

69.0 

67. J 

b 7.0 

68.0 

69. J 



- 

i»i,a 

-4U.0.- 

-76*0 

- 74.0 

76.0 

-70.0' 

' 69.0 

69.0 

71,0 

- 72.0 

2 'i 

dUO* 

76.0 

ds.O 

71-0 

77.0 

79.0 

72. U 

7j.a 

70.0 

72.0 

14*0 

. - iO - 

t4)00. 

?'^*0 

65*0 

60.0 

7d.O 

dO.O 

74.0 

7 1.0 

73.0 

76.0 

77.0 

u 

U50. 

60.0 

65.0 

62.0 

dU. 0 

HI .0 

74,0 

74.0 

75-0 

7d.O 

79.0 

a - 

- l€>00. 

- - 66-0 

dv.o 

a6* 0 

63*0 

65.0 

76*0 

76*0 

7 7.0 

80,0 

82.0 

13 

2 000* 

6<3*0 

96-0 

90.0 

H6.0 

90.0 

64.0 

Hl.O 

BL.O 

8 3.0 

85.0 

— 

H*^0* 62.0 

66 .0 •' 
8 7.0 

-60 oO 
66.0 

' d4*0 

dS.r) 

65*0 

66.0 

7 7.0 
79,0 

76.0 

76.0 

- 77.0 
7 7-0 

80*0 

«i.O 

83.0 

d3.0 

36 

600D* 

63*0 

6»#.0 

66 . 0 

65.0 

66 *0 

61.0 

7 7.0 

77.0 

H i ,0 

H2.0 

\ r 

^00(1 . 

6 3,0 

6U.0 

dS. 0 

H3.0 

67,0 

79.0 

74*0 

15.0 

78.0 

dO.O 

16 

' 6lt>0* 

62.0 

66 * 1) 

64.0 

63.0 

66 .0 

76*0 

73.3 

74.0 

77.0 

79.0 

W 

d'AO.) * 

7*i» .0 

6<» .0 

d2 .0 

d 1*0 

64*0 

76. i 

71.0 

70.0 

74.0 

76.0 

. - 

— - 

.. — 2^,0 

-60*0 

-72.0- 

—2 7.0 

60.0 

72*0 


67,0 

- 68,0 

Ti.O 


LIO , 

120 . 

130 . 

140 * 

ISO * 

160 * 

170 , 

68.0 

70*0 

TI.O 

71*0 

75-0 

75*0 

75.0 

68*0 

70.0 

Tl .0 

71.0 

75.0 

75.0 

75.0 

68*0 

10.0 

7L.0 

73.0 

75.0 

75*0 

75.0 

68.0 

70.0 

71.0 

73.0 

75*0 

75.0 

75.0 

70. 0 

70.0 

71*0 

71.0 

71.0 

7 3.0 

71,0 

- 68 -0 - - 

69,0 

69,0 ' 

70-0 

n.o 

71*0 

11.0 

63.0 

69-0 

Tl*0 

72.0 

72,0 

71.0 

71*0 

70.0 

70.13 

71.0 

71*0 

71.0 

10*0 

70,0 

69.0 

69.0 

70.0 

71.0 

70-0 

68.0 

68.0 

70.0 

10.0 

71.0 

71*0 

70.0 

68.0 

68.0 

71.0 

71.0 

72,0 

72*0 

70.0 

68.0 

68.0 

' 73.0 

72,0 

74.0 

71.0 

71*0 

69.0 

69,0 

74.0 

74.0 

76,0 

75-0 

Tl .0 

69,0 

69.0 

78.0 

77.0 

79.0 

79*0 

74.0 

72*0 

72. 0 

80.0 

79.0 

dO . 0 

80.0 

76,0 

74.0 

74.0 

82.0 

H2*0 

83.0 

d2»0 

79-0 

76.0 

76.0 

86.0 

86-0 

87.0 

86*0 

82.0 

79.0 

79-0 

-8 3*U 

dl . i > 

84 -Q 

83*0 

79.0 

74.0 

74,0 

84.0 

84.0 

84.0 

82.0 

77*0 

74.0 

74 ,0 

84.0 

84,0 

84.0 

83.0 

78.0 

75oO 

75.0 

81.0 

82.0 

83.0 

82.0 

77,0 

73.0 

73.0 

HO.O 

81*0 

83.0 

82.0 

77.0 

7J.0 

73.0 

78.0 

79-0 

81 .0 

80.0 

75.0 

71.0 

71.0 

74.0 ' 

74,0 

76,0 

. 75,0 

70.0 

67.0 

67.0 




- - 6AHLF * 

A^GLk- 

■ 

10. 

20. 

30* 

40. 

50- 

60. 

1 7 

50. 

77-0 

82.0 

75.0 

75.0 

81,0 

76.1) 

id 

• ' 63* 

7 7*0 

82*0 

75*0 

75.0 

Hi *0 

16*0 

19 

80. 

77*0 

82.0 

75. U 

75.0 

81.0 

76- J 

20 

- 100 * 

77.0 

82*0 

75*0 

75.0 

81*0 

7to.O 

21 

125. 

?8.l> 

81,0 

7H.0 

77.0 

82 *0 

77.0 



ItoO, 

' -79. t> 

64. .0 

' #9.»> 

79.0 

»3.n 

79 . i> 

2 3 

200 i 

80.0 

84.0 

79.0 

79 * 1 ) 

8 3*') 

78.0 

i‘* 

2 50 . 

79.1) 

64.0 

lii.O 

1 7.0 

8 1,0 

7 7*0 

25 

315* 

81.0 

84.0 

81.0 

80. 0 

85,0 

60.0 

2 to 

400, 

65.0 

86.0 

4>.0 

ti2.fi 

84.0 

dO . 0 

2 7 

500 . 

82.0 

85.0 

81.0 

b2*0 

86 .0 

81.0 

— 


6 4,0 

86*J 

62.0 

82.0 

a5.0 

80,0 

29 

800. 

81,0 

8H-0 

83*0 

83.0 

86.0 

81.0 

30 

4000. 

65*4) 

09. 0 

dto. 0 

86 . 0 

90,0 

d** . 0 

1 1 

1 250. 

6b . 1} 

vo.o 

8 7*0 

8/. U 

90 -O 

84 . 0 

♦ 2 

If^OO, 

6 / .i) 

9 1 . r> 

tl6 ^ 0 

8 M • 1 ) 

91*0 

86.0 

i J 

20')0. 

d« -U 

9 i*'» 

91 .0 

8 ) . 0 

92 ,0 

.3 7*0 



- 2*^00* -. 

4 1,1) 

4 6 • 0 

9 7 . U 

9 7 . «) 

100,0 

94.0 

35 

Jl‘> ). 

90.0 

90 , J 

9 5 . 1) 

94-0 

98*0 

92*0 

id 

40t)0 . 

80 4 II 

9 J,(k 

9i). <) 

90 * 1) 

9 3.0 

83* .} 

\ / 

50 JiJ . 

do . 0 

S4-0 

92 . 0 

9l . 0 

94.0 

89.0 

3d 

6 y>>> * 

66 -«» 

92 .0 

91 . i) 

9< > . <> 

9 3.0 

« 7. 0 


0 0 )i> . 

* 0 

69 .1) 

88.0 

HH.i) 

9C .0 

8 4.0 

. .. -.a 

loooo. 

OD.O 

0 

49.0 

8*« , J 

86*0 

80,0 


4. nu 


70. 

80* 

90* 

100. 

HO. 

120. 

110* 

140* 

I50o 

160- 

iro. 

75.0 

Tto.O 

79.0 

80.0 

82.0 

84*0 

86,0 

H9,0 

91.0 

91.0 

91.0 

/6.0 

76.0 

79.0 

80*0 

82*0 

84*0 

86 -0 

89 .0 

91,0 

91.0 

91*0 

76*0 

76.0 

79.0 

b0«0 

82*0 

84-0 

86,0 

89,0 

91-0 

91*0 

91*0 

76.0 

76*0 

ai.o 

«<>,0 

82*0 

64*0 

66-0 

89.0 

91*0 

91-0 

91*0 

7b. 0 

ttO.O 

8 1.0 

o2,0 

83.0 

85,0 

86 -0 

87-0 

8 7.0 

89,0 

89 .0 

4 .J .0 

8 1.0 

7 * 0 

Si .0 

8 2-0 

8 3.0 

64-0 

86.0 

66. 0 

M6.0 

86.0 

7d.O 

7'j • 0 

HO.O 

?i.O 

81.0 

8 3.0 

86*0 

8H.U 

89*0 

88.0 

86.0 

7 7,ii 

78.0 

dO.O 

82.0 

81.0 

84 , 0 

85o0 

8T-0 

88,0 

66*0 

86.0 

79*0 

79,0 

dO.O 

tti .0 

82-0 

83,0 

85*0 

86-0 

67-0 

84,0 

84,0 

79. i» 

80.0 

«o..> 

62.0 

83.0 

84.0 

85*0 

86.0 

85*0 

S4.0 

34*0 

80.0 

79.0 

dO*0 

tti.D 

82.0 

83-0 

84*0 

85.0 

84.0 

82.0 

82 .0 

i9,0 

80. 0 

80*0 

H2.0 

83.0 

8 3.0 

64,0 

64.0 

84.0 

82 .0 

32*0 

8 0.0 

80.0 

82.0 

83.0 

64 .0 

84.0 

85.0 

34.0 

63.0 

30.0 

30.0 

82.0 

8 3.0 

84,0 

65-13 

66.0 

85-0 

87). 0 

85*0 

81.0 

61.0 

61.0 

6 3-0 

34.0 

«6.0 

6 7*0 

8 7.0 

8 7.0 

86 .0 

36.0 

H 1 .0 

31.0 

31.0 

H *),0 

86.0 

bd.O 

69*0 

90.0 

69,0 

91,0 

87. U 

84.0 

82.0 

32.0 

3 7.0 

3 7.0 

90.0 

92 .0 

92-0 

92.0 

94.0 

89.0 

86*0 

d 1 .0 

83.0 

92.0 

91 .0 

93.0 

9 4*0 

96.0 

‘<5*0 

96.0 

91*0 

H6«0 

H5 ,0 

65.0 

9 1.0 

90 . 0 

92-0 

94 *0 

94.0 

94.0 

95.0 

90*0 

a/* [) 

d4*i> 

64*0 

8 7.0 

8 8 .0 

91.0 

93,0 

9 3,0 

92 iU 

9 3.0 

8H.0 

84.0 

62.0 

82,0 

8i.9 

r»V.O 

9 1.) 

92*0 

9 3.0 

9J.0 

9 3.0 

91). 0 

65,0 

62-3 

82,0 

ri S • 0 

(J 8 . 1 ) 

89. ) 

91,0 

92.0 

93.0 

93.0 

90.0 

65.0 

62-0 

82.0 

6 3.) 

14.0 

rtfc.O 

89.0 

90.0 

91,0 

9t ,U 

88.0 

8 t .0 

60-0 

80.0 

79* > 

.lO-O 

82-0 

d5 « 0 

86.0 

87*0 

6 7.0 

64 . 0 

/9, 0 

7b, ) 

74.0 


APPROACH : ^ TAKEOFF 



TABLE 13 

PRIMARY JET NOISE SPECTRUM (200-FT. POLAR) 


, PRIM 




LO. 

20. 

30* 

40. 

50. 

60. 

70. 

80- 

90. 

iOO* 

110. 

120* 

110, 

140. 

150- 

uo« 

170* 

11 

50. 

55.0 

54.0 

55*0 

56.0 

57,0 

57,0 

58.0 

59.0 

61-0 

63.0 

65-0 

68*0 

71-0 

75,0 

80*0 

78.0 

78.0 

4A 


M.O 

55*0 

5(>*0 

56*0 

57*0 

58.0 

59,0 

6U*U 

61.0 

63*0 

65.0 

68.0 

71*0 

75.0 

79*0 

77.0 

77.0 

I'i 

dO. 

58*0 

5?,0 

5^.0 

57.0 

58,0 

59.0 

60.0 

61.0 

62.0 

64-0 

66.0 

69.0 

71-0 

75*0 

77-0 

75*0 

75,0 

m 

100* 

58.0 

57. 0 

51.0 

57,0 

58. 0 

59,0 

6il . 0 

61.0 

62.0 

64.0 

66.0 

69,0 

71,0 

7%,0 

76.0 

14.0 

74*0 

Z 1 

125* 

59.0 

57.0 

5?.0 

58.0 

5«.0 

59.0 

60. U 

61.0 

62.0 

64.0 

66*0 

68.0 

71.0 

71.0 

74*0 

72,0 

72.0 

i z 

i \ 

i <>0 W 

200- 

V9*0 - 

54.0 

- 5/-0- 
5t..O 

- 57.0 
56.0 

-51,0 • 
57.0 

58*0 

58*0 

54.0 

5rt-0 

54.0 

54-U 

61-0 

60.0 

62*0 

61,0 

«4 .0 

63.0 

65-0 

65-0 

68.0 

67.0 

70.0 

69-0 

72.0 

71.0 

72,0 

70-0 

70*0 

68*i3 

70.0 

68.0 

— - 

-- 

58-0 

5o.O 

56.0 

5^. 0 

57*0 

5S-0 

58-0 

59-0 

61.0 

62.0 

64,0 

65.0 

6 7*0 

69,0 

68*0 

66*0 

66-0 


3i5, 

58.0 

55.0 

55.0 

55.0 

56,0 

5/.0 

5 d .0 

58.0 

60.0 

6L.0 

63*0 

64.0 

66-0 

67*0 

66-0 

64.0 

64.0 


400* 

51.0 

54.0 

54*0 

54.0 

SS.O 

5^*0 

5 1.0 

57.0 

58,0 

60*0 

61*0 

63*0 

64.0 

65.0 

64.0 

62.0 

62.0 

21 

^00* 

5i».0 

53.0 

51*0 

>3.0 

54*0 

55*0 

55. U 

56.0 

51.0 

50.0 

60.0 

62-0 

63.0 

63.0 

62.0 

61*0 

60*0 

a*. 

— — — 

55.0 

~5a-o 

.52.0 

52.0. 

51-0 

.51,0 

54.0 

55-0 

56.0 . 

57*0 

59-0 

60-0 

61-0 

61,0 

60-0 

58-0 

58.0 

2^ 

4 0U • 

55.0 

51-0 

5UJ 

51 ,0 

52 *0 

52.0 

5 3.0 

54.0 

55,0 

56.0 

5 f*0 

59.0 

60-0 

59*0 

57-0 

57-0 

57.0 


lotyu 

- 54-0 

50-0 

46.0 

50,0 

50,0 

51-0 

52.0 

51.0 

5 1-0 

54*0 

56.0 

57-0 

>8.0 

57-0 

55.0 

55,0 

55.0 

3 1 

12->0. 

53.1) 

44.0 

48.0 

48.0 

49,0 

50,0 

SO.O 

•>uo 

52,0 

51.0 

54.0 

56-0 

56.0 

55. 0 

53,0 

53.0 

53,0 

14 

lO-V>0 • 

52.0 

48*0 

47-0 

4J,0 

41-0 

48.0 

44 - 1> 

50.0 

5i.O 

52 .0 

53-0 

54.0 

54-0 

51,0 

51.0 

51.0 

51.0 

3 J 

2000* 

51.0 

4#i.il 

46.;} 

46. 0 

46, 0 

4/.0 

43.0 

41.0 

49.0 

50,0 

52.0 

51.0 

53.0 

52.0 

50.0 

50*0 

50. 0 

^ 


— 44.0 - 

45.0 

- 44 * 0 

44.0 

45*0 

46.0 

44 * 0 

4 /,0 

48*0 

49,0 

50.0 

51.0 

51*0 

5<>*0 

48,0 

48*0 

48-0 


*150. 

<»8.0 

44.0 

41. IJ 

41,0 

44 ,0 

44-0 

45*0 

46.0 

4 1.0 

4d«0 

49.0 

50,0 

49, n 

49.0 

46.0 

46.0 

46.0 


40.10. 

4 ;.o 

42.0 

42*0 

42.0 

41,0 

41.0 

44.0 

45*0 

46.0 

47,0 

48.0 

49.0 

48,0 

4 7-0 

45.0 

45,1) 

45.0 

if 

50)0. 

5i.O 

41 .0 

41. J 

4i.O 

41,0 

42*0 

43*3 

44.0 

45,0 

46.0 

4/-0 

4B.0 

47-0 

4f>-0 

44.0 

41.0 

41.0 


^ *00 • 

4t.O 

40*0 

40 , 0 

40.0 

40*0 

4 1.0 

42 

4 3-0 

44.0 

45.0 

46*0 

4 r.o 

46-0 

45.0 

42*0 

42*0 

42,0 

s-j 

HO’iO • 

4^.0 

34.0 

J4,D 

39,0 

3‘i-O 

40-0 

41-0 

42-0 

43.0 

44.0 

45*0 

46-0 

44-0 

43.0 

41*1} 

41.0 

41-0 

. .. . 

- iuO<M). 

- 4 3 * %> 

3y .0 

38*0 

lo.O 

39*0 

34*0 

40*0 

4U0 

42,0 

43,0 

V.*0 

45*0 

44.0 

43.0 

40*0 

40.0 

40,0 


Jtr PRtM 


R4nO ■■ ^ 

4>lwU 

to. 

20. 

30* 

40. 

50. 

6 1. 

7CI- 

80 . 

90, 

100- 

uo. 

120, 

130* 

140* 

150* 

160* 

170* 

1 7 

50- 

80. U 

79. u 

79*0 

80.0 

61-0 

82.0 

82.0 

84.0 

85-3 

87 -U 

d9.0 

92.0 

96.0 

lOO.O 

104*0 

102.0 

102*0 

|8 

i» 3 » • * 

6 2 • 0 

61 *0 

61.0 

62.0 

62 «0 

64.0 

84.0 

80 . 0 

o/-0 

89 * l) 

91,0 

94.0 

■77.0 

101.0 

104*0 

102.0 

102.0 

19 

80- 

U5 .0 

8 3.0 

83.0 

84.0 

85*0 

85 . IJ 

86 . 0 

8 7.0 

89-0 

«U .0 

9 i.o 

95*0 

98,0 

lOl.a 

104. 0 

102-0 

102-0 


1«M3* 

A<». 0 

84,0 

»«5 , 0 

85,0 

86-0 

A 7.0 

8 7*0 

89.0 

90*0 

92*0 

94-0 

96*0 

99,0 

102.0 

104.0 

95,0 

95.0 

2 1 

125- 

HH .0 

oL-0 

•ih .0 

do.O 

87.0 

HH.O 

d'S.O 

90.0 

91. J 

93 -7i 

94.0 

97,0 

97.0 

102.0 

lOJ.O 

101 .0 

101.0 

^ 

-- 14^>. 

’ 8 »+ *♦> 

8<».0 

■ , *1 

8 7,0 

6 7*0 

88.0 

89 , 0 

90* O 

92*0 

93-0 

95-u 

97.0 

99,0 

101.0 

102*0 

100*0 

100*0 

/i 

200, 

89.0 

b 7-%3 

i /. il 

8 7,0 

8t} -0 

<W. (I 

69-0 

90.0 

92.0 

93.0 

95*0 

97.0 

99.0 

101.0 

100.0 

99.0 

99.0 

24 

2‘>0. 

69-1) 

8 7- 0 

8 7,0 

87*0 

8d . 0 

89,0 

89.0 

90.0 

92.0 

93-0 

95.0 

96,0 

98.0 

100.0 

99*0 

97-0 

97.0 

2 1 

315. 

89*0 

b 7-0 

80*0 

8 7.0 

87-0 

8 8.0 

a9* !) 

90.0 

9 i *0 

93.0 

■14 -U 

96,0 

98,0 

99.0 

9 7-0 

96.0 

96-0 

26 

40l>, 

64.0 

b6 * O 

8t> * 0 

6U , 0 

87*0 

8b, i) 

A-7. 0 

90,0 

91.0 

92.0 

9 3*0 

95,0 

97.0 

97.0 

96.0 

94.0 

94.0 

27 

500. 

89.0 

8(' - 0 

85.0 

86*0 

86-0 

8 f .0 

88,0 

89.0 

90-0 

91*0 

•^2,0 

94.0 

95.0 

95,0 

94.0 

9 3,0 

93*0 

— — 

- - • -6 10 *■ 

-^6— 0 - 

•65 -O 

85-0 

05-0 

85,0 

86 - 0 

8/,n 

8 8.0 

69.0 

90-0 

91.0 

93,0 

94-0 

94.0 

92*0 

91,0 

91*0 

29 

HOO , 

8M-0 

84,0 

84. 0 

84.0 

84*0 

85.0 

86, sj 

8 / « 0 

88.0 

89.0 

V0-0 

92-0 

92.0 

92.0 

90,0 

89.0 

89-0 

30 

lOOO. 

8 7.0 

83-0 

83.0 

H 1.0 

83.0 

84 . 0 

8 9.0 

86 .0 

86,0 

al.O 

a9*G 

90,0 

91 .0 

90.0 

88,0 

88,0 

88. 0 

II 

1250, 

06 . l) 

o2 .0 

81.0 

o2 . 0 

o2-0 

a i.o 

9 1-0 

, 3-.-0 

o5-.J 

86.0 

6 7,0 

89*0 

89.0 

85.0 

87,0 

86. 0 

86-0 

12 

16110. 

85,0 

ol . 0 

80.0 

0 1-0 

8l * .> 

81 ,i) 

62.0 

9 3.0 

84 *0 

H5.0 

66,0 

8 7,0 

87*0 

86.0 

B5*0 

84.0 

84.0 

1 3 

20 JO. 

bi.O 

79.0 

?9-0 

79-0 

79.0 

^0 . fi 

81.0 

81.0 

82.0 

83,0 

85.0 

86.0 

06-0 

85,0 

81-0 

82-0 

b2-0 



-2 44)0- 

• 82 .U 

7 8 • 0 

77.0 

77.0 

78-0 


79.0 

80,0 

8 1 -O 

a 2 * li- 

83,0 

84.0 

84-0 

K3.0 

81-0 

80-0 

80.0 

35 

3150. 

«fl*> 

. /u.O 

7o , 0 

/6-0 

7fc*0 

7/.0 

7 1. J 

78-0 

79.0 

no, n 

82.0 

aj.o 

82.0 

Wl.O 

79* 0 

79.0 

79. Q 

*4» 

40t)0. 

79.0 

75.0 

74,0 

74.0 

75*0 

75*0 

7/>.0 

7 7.0 

78.0 

79,0 

bsO-O 

81.0 

80.0 

79,0 

77.0 

77.0 

77,0 

1 t 

5000- 

17.0 

13-0 

M.O 

74.0 

1 1-0 

74.1) 

79,0 

76,0 

77,0 

?rt,0 

79,0 

80.0 

79-0 

78,0 

76-0 

76.0 

76-0 

38 

6 liKl. 

/6.0 

72,0 

72, i1 

72.0 

72*0 

7 1 . f) 

74.0 

75-0 

76.0 

7 7*0 

78,0 

79.0 

78-0 

7 7.0 

74-0 

74.0 

74,0 

39 

8 000. 

75. U 

71,.) 

71 ,J 

fl.o 

>1-0 

72.0 

7 1.0 

74,0 

75-1) 

76*0 

7/.0 

78. Q 

>6*0 

75*0 

73-0 

73-0 

73.0 

—40 

-3,>04>a>, - - 

7 9-t» 

Vi - O 

70. si 

/«« * o 

7 1 *•) 

7 1 ,s> 

72-0 

7 3.U 

l4,sl 

IS *o 

76. v> 

7 7-0 

76-0 

75.0 

72,0 

12,0 

72.0 
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TABLE 14 

SECONDARY JET NOISE SPECTRUM (200-FT. POLAR) 


JET SEC 


17 

ANGLE 

10. 

20, 

30, 

40 p 

SO, 

60; 

• 

o 

au. 

00, 

100. 

110, 

120. 

130. 

140, 

150. 

160- 

170. 

Fitt04- 

SO* 

64.4 

76.9 

66.9 

62.9 

71.9 

62.9 

63.0 

61,0 

66,9 

67,9 

67,9 

69,9 

70,9 

72.9 

74.9 

74.9 

74.0 

la 

6J. 

6^.4 

7a«9 

66.9 

62.9 

71.9 

62-9 

63.9 

63v9 

65,9 

67.9 

67.9 

69.9 

70.9 

72.9 

74,9 

74,9 

74,9 

19 

dO* 

64,9 

78.9 

66.0 

62.9 

71.0 

62.0 

63.9 

63.0 

66,0 

67,9 

67,9 

69,9 

70,9 

72.9 

74.9 

74.9 

14.9 

Jo 

too. 

64.9 

?a,9 

66.9 

62.9 

71.9 

62.9 

63.9 

63.0 

66,9 

67,9 

6 7.9 

69.9 

70.9 

72,9 

74.0 

74.9 

74.9 

J1 

US, 

63.4 

77.4 

66.4 

61.4 

70.4 

61.4 

62.4 

62.4 

64 ,4 

66.4 

66,4 

60.4 

60.4 

71.4 

73-4 

73.4 

73.4 

-- Ji 

160. 

- 6l .9 

16-9 

63.9 

69.9 

6d.9 

69.9 

60.9 

60-9 

62-9 

64.9 

64.9 

66.9 

■ 67*9 

60.9 

41.0 

41.9 ■ 

41 .9 

2i 

200. 

60.4 

74.4 

o2 .4 

6d.4 

67,4 

6d.4 

69.4 

69.4 

61,4 

63.4 

61-4 

65.4 

66.4 

60.4 

70.4 

70.4 

70.4 


260, 

6a. 9 

72.9 

60.9 

66-9 

65.9 

66.9 

67-9 

67.9 

>4,9 

61 .9 

61.9 

63.9 

64,9 

66.0 

6d.9 

6d.9 

60.9 

2S 

MS. 

67,4 

71.4 

69.4 

66.4 

64.4 

>6.4 

66.4 

56.4 

5tf . 4 

60.4 

60,4 

62.4 

61.4 

65.4 

67.4 

67.4 

67,4 

26 

400. 

66-9 

69.9 

S7.9 

61.9 

62.9 

>3.9 

54.9 

>4.9 

66.9 

sa.9 

5d.9 

60.9 

61.9 

63.9 

65.0 

66.9 

6>-0 

2 7 

SO a. 

6^.4 

6b. 4 

56,4 

62-4 

61.4 

62.4 

5 5.4 

63.4 

56.4 

57.4 

5 7.4 

20.4 

60.4 

62.4 

64.4 

64.4 

64.4 

" 2 6 

6 30 • 

■ - 62.9 

66.9 

>4,9 

>0.9 

69.9 

60.9 

51.9 

>1-9 

53.9 
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3 70.00 

25A.OO 

70.00 

59.00 


0. -3,00 

3. 70 

5.79 

6,35 

76»o 

"1'0-T S."0' 207TT 

A. 46 5 . 94. 3 70.00 

'2 54 . 07) 

"TO^UO 

" 59 ; 00 

o.c 

0. -3.U0 

"T.'TCJ 



— S.U5“ 

30.0 

' 

10*0 r>.o ?U.O 

A. 46‘j 

94,5?. 

37o.no 

754.00 

70.00 

59.00 

0.0 

0. -3.00 

3. 70 

4*99 

6.98 


.0 I 0 . C /O. 

A . A rj :> 

9 /. T5 

i 0. on 

7 5470 0 

rO.no 

!>V. UO 

■ u.fl 

u. — 3.(ju 

3. >u 

5.9T ‘ 

^P»5“ 

5.0 

in -0 10. 0 20 . n 

A. 466 

rs. 75 

3 70, 00 

25A.OO 

70.00 

S9.00 

o.c 

0. -3.00 

3* 70 

6* C6 

6.05 

■• TO'. 0"! o;nT o.nTo.'u" 

— iT74T5 94.73“ 

“3 70,00 

^7 54,r>D — 

"70, no — 

"59.00 

C.O ” 

^0." -3.00 

■“3*70 

5.5T 

T.D7- 

20 . n 

IP.C in.n 20. n 

4. 4 6S 

*'3.70 

3 70.00 

254, on 

7U,0|> 

59. on 

0,0 

0. -3,00 

3* 70 

5.27 

7,81 

30.0 10.0 10. □ pn.rr 

iJTA ?rs 

9T- '»5 

TTU.irO 

7 54 iOO 

7 O , D 0 

'59.00 ' 

■ o.n " 

D. -U.OO “ 

3*70 

~5.3T 

— 7;u-<" 

0.^ 

10. 0 20.0 2C.0 

A-Ah5 

66.89 

370.00 

254.00 

70,00 

59.00 

0.0 

0. -3.00 

3. 70 

5.49 

4,91 
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]Cu>' 10.^ •'('.*0 

?rTo^- lO.n pr:.n 

(0,0 ^f-oO .'’r.o 
'■ n /T“1 0 ; D ^ ^ "7 Cp'xt^ 

!0,n :»npn ?c. n 


„n ?i)bO ?C*o 

"^■' 10 ^ c' ’^rioT^”7'T^n' 

»n ?('-.J 11 a n ?0i>0 

— v*^‘7TJo’fr 
*0 zcb n (j. n 7C« 0 


o,c 7C*0 
— Tm^DiTT 

s^r 70. 0 
— F7TT7onr 
S , U 7 0. o 


. 1 ?r»* c i Op u 70 p 0 

► ’*70 6 c ! To 0 ;'n. 


r^oT6 25^pC0 

* c>^ 71 — 1 7n. ni? “ '7 “>4« on " 
0?p4 3 3 7(>. OU 7 54.0D 

-■C’S ^ ^ — 37 orTTr- 7 54 . n r- 
3 7n.OO ?5J*p'jO 
nT,A't — ^ . 

07 ^ ng 3 7<^,fl0 

-t 7 p T>^T-^l 7npr*rr“ 754 ^ oa~ 

17uo1;l1 2 54 o 00 
-n 5 . 4 7 — 3 7 D , oCf“ 7 S4 p 00' 
'JSdIO 3Ti.ipOO 2 54p00 

Ttr? — TTTTTTm — 7 54;p'r 

55*f>4 370oOO 254„O0 
— T7n rnri — 7^4;,Tnr 
P4p?5 370p0r> 754,00 

— ^ p'TTfi — jrarnr? — 754 . ott 
Cl. 54 3 7l)pf)0 ?54pfm 


70,00 

59o00 

o,c 

Oo -3,00 

3,70 

70.00' 

'59,00 

0,0^""' 

““ 0. -l,DO ' 

3. 70 

70,00 

59,00 

0,0 

Oo -3,00 

3,70 

"70.00“ 

— 59.00 

0,"0 

0 * —1,00 

3o 70 

70,00 

59 . on 

o,n 

Oo -3o00 

3, 70 

10,00^ 

59TUtJ 

0,0 " 

Do - ^.I'U “ 

ymr 

70,00 

59o90 

0.0 

0, -i.no 

3 . 70 



0» -3n00 
Od ~3ono 


3 7Op0O 
“3 THp Xit*~ 


,00 70.00 5«>p00 

bTO ra iTHJ * otr 

,00 70p00 59o00 

,‘ 0 T» ro oTTO 5^ pDCT' 

pfin 70*^10 59pO0 


,00 7o.ro 59.00 
o nr, — 70 . 0 n —-59 . n a - 
7Cc‘"C 59.00 


-3,00 

3. 70 

5,01 

5, 06 

'-loOn— 

3,70 

4,48 

6,33 

- 3,00 

3. 70 

4, 47 

6. 70 

-3. on 
- 3 , 0 c 

:3. !v 

3, 70 

H 0 L\J 

4o 26 

Oa f 0 

6,76 


— 1 . 7o~ 

-5o00 3. 70 

--3.00 ^pTO- 

-3.00 3. 70 


.“00 3.T0 



cu«7 3 7n^aO 2 54.00 

*in7-^T? TTr;7T)V — 254.0,7 

<0.15 37u«0O 254.00 

-^T^TTR — T7P;:iyTr-r 
<:-2.9S» 370. OC 254.00 


370.00 254.00 

“•mr^or; — ?547 T)^t- 
370.00 254. UO 


70. on 59.00 


70.00 59. UO 


70.00 59.00 


70. 00 5 9.00 

TO i'TTO 59'.'^n(r 

70.00 59.00 


3.00 

3. 70 

4. 10 

9,60 

3, UU 
3, CO 

5, ru 
3.70 

' 5.' 2 4 

4, 64 

Oo 

9,99 . 

”1 • n 

3 ; 7C 

3 o~72 


3oCO 

3,70 

3«46 

11,65 


-3.00 3.70 


5*33 370. ('O 254.00 70.00 59.00 


> '-‘♦0 

) <‘4, 

80 

370.00 754,00 

7 0,00 

59,00 < 

> 94, 

HD 
4 6 

“3TD »UU J5<r,'nTT 
370. OU 254,00 

7CT.TT0 

70.00 

bV.OO ^ 

59,00 < 


IGc^ 3n.n S.n ;»o. 0 




5,u 30.0 IC.O 20.^ 
"Tu.O 30. 0 lU.(r20.TT' 
PC."* -^c.c u>.n ro.o 


lf>.i 30.0 20. C 2C.C 


Cl’*' fW*S' 

30,0 30.0 20.0 20.0 
-Oi'.' 30.0 3 0 ;o ro-.’^* 
5.0 30.0 30. It 20.0 


I j .7 V * V . » ' ♦ 1. t V ♦ 

2f).0 30. 0 30.0 20. n 
“3 OTT "TT^rfr 30.0 70. 0 
n.i; 0 . n 0.0 10.0 



;3o40 370.00 754 .no 70.OU 59.00 


^3.np 370.00 254,00 70.00 59.00 


5r.rt> 3 70.00 2 54.00 ru.uu ^WaUO 

41,4^ 370.00 254.00 70.00 59.00 


JIU. U\.' 

, 370,00 254.no 70.00 59.00 


370.00 254.00 70.00 59.00 


P9.71 370.00 254,00 70.00 59.00 

^2.5B“ 370. Cfi 254,-nO *70.00 *“'59.00 

91.85 370,00 254,00 70.00 59.00 

— 3 H T .no — 7 54 - , po nr.uD 5T^im 

90.03 370.no 254,00 70,00 59,00 

'irnTTtJ — rrryrro — to;jvo — 59vots 

^•3. »»4 370,00 254,00 70.00 59.00 



0. -3,00 3. TO 

- -Oe *-3iC0- ' 3o 70' 
Oo -3,00 3 .70 

■^0 , 00 3770" 

Ofl -3,00 3,70 

-Q— -I • 00 3770^ 

0, -3.00 3,70 


12,09 
'9.22 
9, 95 
"a,44- 
11,77 
11760- 
2.95 


C7. 78 370,00 254. DO 70,00 59,00 

*7^776 — 770 ; m — T54 TTit^ TJ7<^ 5^oD‘0 

96,09 37U.UO 254.00 70.00 59.00 

9C,53 377Jrm 7547 f>*3 TOT^TO J^'.DTT" 

97.67 370,00 254.00 70.00 59.00 


0.0 0.0 10, r 30.0 

“57 rr— tt 7G“1 n7TT"lOo 0“" 
10,0 0.0 10, n -^u,o 


» 

30.0 0.0 10,11 10 . n 

”DiTr“ n.o“?n,Tj-3r."rr^ 

5.0 0,0 70,0 3 o.n 

— o;n5 0 ; n ri rr- 

20.0 p,o 70.0 3o,n 


O.M 0,0 ^G.O 30.0 

” 5 ; r- — ?T. n ,-rr- 3 r, tt- 

0 30 . n 30.0 
■ > u ,0 "0 ; 'iT'3 n . frr. 0.7r~ 

2 0 .^' 0 , C 3 : 1.0 30 . o 


D, o / \ * I' 

5,0 5,0 o.r 30. 0 

1c.n -5rn — n-7r"iurn"- 

70.0 ^.0 o.o 30.0 

“■n n;T0“5 r — n 7n-“o . t!“ 


10.0 5.0 5,n in.o 

'7070 — r. 75 — Frn^onr 

30.0 5,0 5,fi iil.O 


95.76 370.00 254,00 70.00 59.00 


' 7i«. ur> 254,00 70,00 59o00 

■TTirnTr 754TPO TO 9 0T5 S'T'iOTT" 

37(j.no 254,00 70,00 5^.00 


-3.00 3, 70 


, -3.00 3o 70 

^-=■-3 ; no 3 ZTO“ 

« -3.00 3o 70 



ITO^np 7 54,nr 


“7G.D0 59. 


<^i'i.nS 37H.O0 754.00 70.00 59,00 

"^1 . 97 “1 70,0 n — 2 54 . an TP.Tin — 59 , 03 — 

93.63 37(>,no 254.00 70.00 59.00 


S K. 4 U TTUTOD 254. UO 70.00 59.00^ 

97.47 370.00 254.00 70.00 59.00 

^r^rnT — 37C.OO “754 . n n ro . nn 5’3 ^o— 

96.12 370.00 254.00 7O.00 59.00 

- ■n7,.-nq'"T7r.nn 2 54 . on 'to.do 59 . od"' 

<^8.06 3 7(1.00 254.00 70*0O 59.00 

q /. n? — 3 p».Mo — 7b4.vm m^nn 59 . co 

9'^ 1*8 3 70.00 2 54.00 70.00 59.00 

-95; 60“^ ini^DTT — pUT TO .on — 59. 00* 

95.63 3/0,00 254,00 70.00 59.00 


0, -3.00 3. 70 

‘or*^;'on — 3, TO '• 
0 . -3 . 00 3. 70 

o'.“-3;oo — 1. 7cr ■ 

0, -3.00 3, 70 


, - U'J 

0* -3.00 3, 70 

'0 3 .-on 3 ,70-^ 

0. -3.00 3. 70 

O.-l.OO — 3.70" 
0, -3.00 3, 70 

"0 T ^ - 3 ; *PT3 5. Tu 

0, -3, no 3,70 
D^'-3aOO 3,7n* 
0, -3,00 3, 70 
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r. , 

5.0 lo.r 3 0.0 

4. '*/>5 

C7.5o 

.3 70.00 

254,00 

70 .OO” “ 

59 -Off'- 

0-0 

0 . - 3 .C 0 

3.70"'^“ 

5*51 " 

4-24”“ 

I, 

; 1 C . n 3 1 . 0 

5, 'fli5 

'^5. 1 1 

3 7n,f'0 

254,00 

70.00 

59,00 

li.O 

0, -'^.00 

3. 70 

5,23 

5.69 

jn.t'. 

5. 1 g, rr^c. 0 

4 - 

‘it?. ^6 

/!-, ^-0 

75/^. on — 

rrvoQ — 

59 -nn ■ 

rrm 

“T3T ■■“■ 3 . on 

3. fU 

4, 97 ■ 


?n,. 

5.0 Kj.O 3f^.O 

4. U#i5 

05, 7 H 

3 70.tP0 

2 64,1/0 

/(’.OO 

50, Oil 

(1-0 

0* -3.00 

3, 70 

5- 31 

7.5? 


5.a '10. rmn.O — 

4-4(S,5 — 

^4.34 

3 70. no 

254,00"’ 

70.00 — 

59.00“' 

0-0 

0-' -3. DO 

3,70 

5. T>0 ■ 

7. 46 ” 

n,r. 

fi.n ?o.o 30.0 

>50 

<.?7 

370,00 

264,00 

70,00 

59-00 

G«0 

□, -3,00 

3- ?0 

5, 18 

4.53 

5.*’ 

5. ^ 70. 0 n 

4. >♦5*' 

5 5-6^ 

37o,0fj 

:»94,n0 

■ 70 , Off 

59.00 

O-TT— 

0. -3.00 

3- 70” 

4. 81 

1 2 

l(',' 

5.0 7 0 . c 30.0 


•>4, SI 

iTr.oo 

254-00 

70,00 

59-00 

u.o 

0, -3.00 

3. 70 

4,51 

6,97 

/’ . • 

5 . ( , } ■ 0 - ' i ' ■ 1/ 


5 .“i- ^ n 

" 1 /n.'ui — 

/'6*4,un 



59,U(i 

CT70 

(J, - -I, UU 

i. fu 

6-20 

D . 3D 

3r.O 

7’--(T 30. n 

A.ur^^ 

<: 3- 4? 

3 70.00 

254-00 

70,00 

59,00 

0,0 

0. -3.00 

3- 70 

5,01 

8-3B 

" 'p.O 

5’.o 30. n Tmu 

~4 • ^ 

^ 5 

TTO. 07T” 



■“70-, 0T1 

-5Q;nTr“ 

ff-0 


3-”T0 

“5;70 

4;45 — 

5.r> 

5.0 30- C 30.0 

t- ''i ti 5 

«^5- ?7 

3 70,00 

264.00 

70.00 

59.00 

O.Q 

Q. -3.no 

3.70 

4,80 

6-03 

"TT!; j 

'* ?. T “3'07T! lO.Tl 

"4. 47>‘'» 

“’•>4. 7? 

■"'i /g. 00 

”75^;-no — 

'Tn."OTT "S^.IKP 

ff.O 

"U7' -’3.00~ 

“3;Tff~ 

4, 4'9 

6.H8 — 


3 . r. 3 0. 0 3 0, 0 - .1111, ;^ b *t 

03. n 

3 7o, on 

754,00 

70.00 

59-OD 

Q-0 

0. -3.00 

3-70 

5.14 

8.07 


5.;: 


1. 'lO 

■ 3 M.UO 


rj.uij — 

v7;tro— 

*JmV 

(J - — 3 , 1.T (i 


■ 4 ; 95 

0.19 

r:, ^ 

10. rj 0.0 30.0 

5. 465 

7, 

370.00 

2 54,00 

70,00 

59-00 

c-n 

0, -3-00 

3- 70 

6.27 

3-Bl 

‘If 

10. 0 O.i) 3CJ-0 

4- 4 5 

T'» 


7^i\Tn — 

■"m,Tio — 

-5ff;uar" 

0.0 

“O; -liTl?! 

"1,70 

"5i~bV^ 

■ "5- 04 

in.n 

10.0 o.n 30.0 

4,, 465 

06. 05 

3 70.(}0 

2 54 -on 

70.00 

59.00 

o.u 

0. -3,00 

3. TO 

4-91 

5-75 

20.0 10. (T 0-0 ^0.0 

4. ‘♦65 

9 . 5 4 


254,015 70.73^ 


01^c 

”1)- 

"T-TTT” 

4, 66 

6.26 

30. n 

in.o 0.0 3C.0 

4- **60 

95.46 

3 7fi, 00 

254.00 

70.00 

59-00 

0.0 

0. -3-00 

3. 70 

4.5P 

6. 34 

- o.■^ 

'.'*0 ^0. n 

4* 

n.Gi 

“^rTTriTr" 

264,0c 

ru.n 

59-00 

O.a 

0." - -^.ou ' 

i*“7u 

6. 1 2 

" 4,19 

r».n 

10. 0 5* ,l 3 0.0 

4c 46 5 

9^1.38 

3 70.00 

254,00 

70,00 

59-00 

0. c 

0. -3-OD 

3. 70 

6.13 

5.42 

!0.> 

IC.g 5.0 

4. 465 

5 . 5 o ITO. 0C5 7 54700 7 J.'iJO 59.00" 

O.ff 

" or -3. DO • 

"3. 70 ■ 

5.33 

” ' 6.:30 

?0.'1 

K'.O 5-0 30.0 

4.465 

94. 'U 

3 70.00 

754.1)0 

70,00 

59-00 

o.c 

0 . -?.oo 

3- 70 

4.77 

6,89 

30.1 I C.C 5.0 3n,o 

4. 44 5 

<?4, :14 

. l7'7no 

254.00 

70.0 0 

■ 59-00 

O.G 

n, ^-00 3.70— 

4,T9~ 

' 6- 9G 

0.0 

10.0 )0.0 30.0 

4- -.65 

47.09 

3 70, OD 

754.00 

70.00 

59-00 

0-C 

0. -3.00 

3. 70 

5.74 

4,71 

5.0 

10. n 10. n 30.0 

4.5 65 

no- 36 

370^no 

754,00 

70, no — 

■59i00 

0.0 

“ 0- -3.00 

3iT0' ^ 


6-44 - 

10. n 

10.0 U).0 30. 0 

4.465 

«4. 1 9 

3 70,00 

7 54,00 

70,00 

59-(J0 

0.0 

0. -3-00 

3. TO 

5-35 

7-61 

•TO.T' 

1 0 . r~l n ; 0 '‘3 0 . rr -^‘47 4 6 5 

■■^3723 

"ITCVnO" 

■'714,-00— 

to; Off — 

■ 59 .no— 

n.o 

"■o."--3,nn ”■ 

3. 70 — 

■5-0f“ 

8.5?" 

30.0 

10.0 to.o 30.0 

4. 465 

93. 33 

370.00 

754,00 

70.00 

59.00 

0.0 

0 - - 3-00 

3. 70 

5-lv 

8.47 

' o.Tr 

'7 0. ry’70. 0'30*TJ 

4 6 5 

*7?». T ■> 

3 70,00 754,a0 

'70,00 

’59,00 

™o;n 

U- — 3-0'J 

3, 70 

"5.37 

5-05 

5.n 

10.0 70.0 30. 0 

4. 465 

^4. S7 

370,00 

254,00 

70-00 

59-00 

0.0 

0. -3.00 

3. 70 

5.31 

6. 90 


IV/. 3 70.U 

4. 564 

"9 3, 4 7" 

'lu,"TT0‘ 

/5*f,uO^ 

MJ-llU 

"55Tff3 

u.v 

\}m * .i • UU 

7U 

4- 77 

8. 33 

20.0 

10.0 711.0 3o.n 

4. 5 tjS 

92,3 1 

3 70, 00 

754-00 

70-Ofl 

59 , 1 'JO 

0,0 

0 , - 3.00 

3. 7C 

4. 44 

9,49 

”3 0,0- 

'io.r-70.0’'3o.n — 

'4. 4 6 5 — 

"97. 1 a 

“ 370,00" 

' ?54 , o n 70 m 00 59,00 “ 

0.0 • ' 

■'o;' -3.00 — 

1,70 “■■ 

4.51 " 

“ 9-61 “ 

0.0 

10- n 30.0 30,0 

H. 465 

n6.pA3 

3 70,00 

754-00 

70.00 

59-00 

0-0 

0 . - 3.00 

3. 70 

5.37 

4-97 

■^' 5.0" 

■io-o-?o; 0^0.0 — 

4;“465 

“94,-97 370,00'” 

"754;0D — 

’To-m — 

■ 59-00 “ 

O.X! 

■ 0 .' -3.00" ■ 

3,70 

5.2r~ 

6. 88^ 

10.0 

10. C 70.0 3O-0 

4, 46 5 

93,57 

370, 00 

754,00 

70.00 

59-00 

0-C 

0 . -3. on 

1. 70 

4-73 

8-23 

2 ’ ■ * 0 

10. c 7 '1. n 3 0. 0 

”li‘. 4^S 


3 /U.OV 

2 64 • on 

/O.nu 

59-00 

0 - y 

li. -3.00 

■■ 3. “70 

4."37 

" 9, 1 f 

30.0 

lt).c 30.0 30.0 

4, 505 

92,5 3 

3 /O.OO 

7 54-0 7 

70.00 

59-UQ 

0-C 

0. -3.00 

3. 70 

4.45 

9,2T 

• J ♦ o 

2HV0"' r.O' 3 0.T1 

4.“Z»?>3' 

95,4 5 

370. 00' ■ 

"2 54,n'0 

■70.00' 

■ 59,00 

0 -0“ 

■0.""-3.00 

3- 70 

4- 62“ 

6-35 

5.0 

70.0 0.0 3u.o 

4. 465 

q.,qa 

3 70. 00 

754,00 

7^,00 

59,00 

0-0 

0, -3.00 

3. 70 

4-05 

6-82 


■7o~o — o.i3”:30;C! 

~4 , 4 6 5 

”94,tx 

"370,00 

754-00 

70.no 

■ 59.00 

T3- C 

Xfi'-l-OO " 

3m 70" 


7.07”~ 

70-0 

70. n C.C 3 0.0 

4. 46 5 

94. 4 5 

3 70.00 

2 5<.,00 

70.00 

59,00 

o.c 

0. -3-00 

3, 70 

3-75 

7-32 

"30. rr 

“7TT70 r r 0 3'^'.'D 

4. *t6 4 


TTurOTT" 

A 54. IM' 

70-00 

'59-’Jff"‘ 


u - — J - ffVi 

70 

3— fll 

T • 5V> 

0.0 

20.0 5.0 30.n 

4, 465 

94, flq 

3 70. on 

254,00 

70-00 

59-00 

0-0 

0, -3.00 

3- 70 

5,00 

6*92 


”20pT 5-0 3C.0 

4. 464 

94.'7'r 

— iTUi'OTT- 

"754-lDO 

7D-T70 6^-TTtr^ 

d;0 

^ 0 ; -3,00 — 

3- 70 

■4-41“ 

’ T-~57 

in.ri 

20.1 5.0 30.0 

.4, 4*^5 

93.01 

3 70-00 

254.09 

70.00 

59-00 

0.0 

0- -3,0O 

3, 70 

4-01 

7,89 

'■7o;o- 

■^c; 0 ^'.’O^TD.Tl 

4.~4B3 

“T3. 6T 

3 TO. TTrT™7? 4 - n :r^ 

^71-0(7 69-0(7 

n;7r 

0. — i-00 

“3- 70 

3 - fl5 

"0.1 T'" 

3u.o 

70. n 5.0 30.0 

4« 46^ 

93, 66 

370,00 

254,00 
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PROGRAM DESCRIPTION 


The object of this computer program is to use aircraft sound data to estimate the time pattern at 
other hypothetical observer locations and convert the projected sound into subjective units. The 
time history of an aircraft flyby is simulated using either stationary ground runup data, flyover data 
measured at other than requested conditions, or predicted data. Acceptable input consists of 
one-third octave band sound pressure levels (SPL) as a function of: (t) directivity angle at a 
constant polar radius, or (2) directivity angle at a constant sideline distance. Since these input 
spectra may be derived by other prediction methods, or may be actual test measurements, this 
computer program will be useful in all phases of aircraft development from preliminary design to 
final test. Output consists of SPL spectra for both the input and projected conditions with the 
results presented in terms of perceived noise level (PNL), tone corrected PNL (TCPIML), peak 
TCPN L, effective perceived noise level (EPNL, as defined by the FAA), and overall sound pressure 
level (OASPL). 

The simulation technique consists of applying various corrections to the input SPL spectra to obtain 
the projected SPL spectra. Corrections due to the following effects are determined by this program; 
(1) spherical divergence, (2) atmospheric absorption, (3) extra ground attenuation, and 
(4) number of engines. Also, the program has the options to determine: (1) doppler shift effects 
and (2) tone corrected PIML and effective perceived noise level. 

State-of-the-art techniques of sound calculation are incorporated in such a way that if the 
calculation procedures change and become standardized, this program can be easily modified. The 
basic idea is to control the correction effects by selection of the calculation techniques used. A 
program user controls the selection of computation by means of an input control card which selects 
the sequence of calculation subroutines. The subroutines are in a general form such that the 
conditions supplied by input determine the value of the corrections to be applied. Variations in 
noise characteristics might be achieved for example by considering doppler shift effects and extra 
ground attenuation for one simulation and neglecting these effects for another simulation. 

Input Data 

The input data can consist of three basic types of noise spectra: (1) SPL measurements on a polar 
arc around a stationary engine, (2) SPL measurements on a sideline parallel to the stationary 
engine, and (3) SPL measurements at a given location during an aircraft flyby. All data inputting is 
handled by the main program. 

In discussing the input data, a set consists of the SPL measurements for one operating condition, 
and a case consists of one to four sets of data. A computer run consists of an unlimited number of 
cases and is terminated by an end-of-file card. This section of the report describes the data input 
cards in the sequence necessary for proper program execution. Unless specified in the writeup, the 
cards are needed only when indicated on the control card. A description of each storage array, 
where the numbers in parenthesis denote the dimensions of the array, is presented in the section on 
the main program. 

Control Card 

The first of each case must be a control card. Columns (1—30) are 30 one-digit indicators which 
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control the sequence of program execution and are stored in IMF (30)) in order. Columns (31—50) 
are 10 two-digit indicators which also control the sequence of execution and are stored in (MN|10)) 
in order. Column (51) is an indicator for the number of engines to be considered. In the following 
description of the indicators in Columns (1—50), blank values are considered as zeros and indicate 
no special action is to be taken. 

Column Description 


(3) IMFO)) — For a value less than 0, the program expects the SPL input as a function 
of time. A value of 1 indicates one-quarter second input and a value of 2 indicates 
one-half second input. 

(4) (MF(4)) — For a value of 4, the program expects polar angle input using a format 
(F10., 12F5./10X, 12F5.). 

(6) (MF(6)) — For any nonzero value, the program expects the SPL input as a function 

of a constant polar distance. For a zero value and also a zero value in (MF(3)), the 
program expects the SPL input as a function of a constant sideline distance. 

(9) (M F(9)) — For a zero value determine the pure tone correction. 

110) (MFI10)) — For a value of 1, apply engine shielding effect. 

(11) IMFdl)) — For a value of 1, generate card output for EPNL trade study. 

(16) (IVIF(16)) — Generate the attenuation trades internally. 

(17) (MF(17)) — For a value of 1,omit the relative jet velocity correction. 

(18) (MF(18)) — For a value of 1, read a card which indicates the uniform jet suppression 
value. 

(19) (MF(19)) — For a value of 1, use the short form printout. 

(20) (MF(20)) — For a value of 1 , use the long form printout. 

(21 ) (MF(21 )) — For a value of 1 , the SPLJE array is interpreted as the primary jet noise 
spectrum. 

(22) (MF(22)) - For a value of 1, develop a footprint output. 

(24) (IV1F(24)) — For a value of 1, determine the doppler shift effect. 

(25) (MF(25)) — For a value of 1, the SPL24 array is interpreted as the fan noise and 
secondary jet noise spectrum. 

(26) (IVIF(26)) — For a value of 1 , omit any jet noise correction for irregularities. 

(27) (MF(27)) — For a value of 1 , input the turbine noise spectrum. 
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(28) (MF(28)) — For any nonzero value, the program suppresses the correction 
calculation for extra ground attenuation. A value of 1 suppresses the correction for 
the predicted data. A value of 2 suppresses the correction for both input and 
predicted data. 

(29) (MF(29)) - For a value of 1, the program expects component noise spectrum. It 
also expects data cards specifying the peak attenuation which is applied to an 
attenuation spectrum. 

(30) (MFI30)) — For a value of 1, the program expects a card describing a new condition 
(such as velocity, altitude, etc.). 

(1 ) (MN(1)) — Number of input cases. 

(2) (MN(2)) ~ Number of polar angles. 

(3) (MN(3)) — Number of 1/3 octave bands (24). 

(5) (MN(5)) — Number of flight profile sections. 

(6) (MN(6)) — Number of R.P.M. inputs. 

(8) (MN(8)) — Number of modes summed. 

(9) (MN{9)) — Number of grid line points. 

(10) (MN(10)) — Number of attenuations. 

Input Condition Card 

This card is automatically read (FORMAT 9F8.0) and is the first card of a series of data sets 
(number of sets indicated by (MN(D). The numbers in each field are stored in sequence in (H(3,4); 
V(3,4); HREL (3,4); TEMP (3,4); X(3,4); Y (3,4); GAMM (2); ALP 2; VMJET). Field one is the 
polar distance (field two = 0) or altitude of the aircraft in feet; field two is the aircraft speed in feet 
per second; field three is the atmospheric relative humidity in percent; field four is the atmospheric 
temperature in °F; field five is the sideline distance in feet; field six is the parallel offset distance in 
feet; field seven is the climb gradient in degrees; field eight is the angle of attack in degrees; field 
nine is the jet velocity at the aircraft speed in feet per second. 


Prediction Condition Card 

This card is automatically read (FORMAT 9F8.0) and must follow the input condition card. The 
information on this card (corresponding field for field with the first nine fields of the input 
condition card) describes the conditions of the projected data. 


59 



Spectral Data Cards 


These cards are read according to the format (F10.3, 12F5.2/10X, 12F5.2). Information on these 
cards is stored in SPL24, SPLJE, SPLREF, and SPLTU. Each spectral set is preceded by a data card 
containing an identifier, the jet velocity at zero airplane velocity (if applicable), and a title 
descriptor (FORMAT 2F10., 13A4). After the array SPLJE is read in, the card describing the 
attenuation spectra are to be read in where CAT is the maximum value in the array ATEN. 


Output 

The output from this program consists of printed, plotted, and/or punched parameters. All printing, 
plotting, and punching of the output data are controlled by the program user by control card 
indicators. 


Printed Output 

At the start of a case, the title, control indicators, and the conditions describing the input and 
predicted spectra are printed. The input SPL data and the predicted SPL, PNL, OASPL, and EPNL 
values are automatically printed. IF MF(19) = 1 and MF(20) = 0, a special short form printout is 
used showing the essential flight and environmental parameters, the peak attenuation values, the 
time duration factor, the relative change in EPNL, and a counter indicating the number of runs 
made. 


Punched Output 

The punched output consists of one card for each run (MF(ll) = 1). The card contains the peak 
attenuations, the Jet noise identifier, the EPNL level, the change in EPNL, and a counter indicating 
the number of runs made. 


Main Control Program 

The main control program has general control over input, order of solution, and output throughout 
the computer run. This is done by calling into operation specialized subroutines in a controlled 
logical order. 
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LOGICAL *4 FIRST, LAST ,FIRSTI , BOUND 
I'JTFGFR *4 PAPER/06/f PQRF/06/ 

RFAL *4 TnL/UCE-04/ 

I , BLANK/* »/ ,TITLE2(m 

? ,BAST(3I/*l BASELINE*/, I NPT 1 5 > /• ! NPUT ) */ 

3 ,ATTT(?|/«0 ATTFNUATEO • /, CA LT ( 5 » / ' C ALCUL AT ED ) */ 

4 ,OELT(3I/*0 delta*/, CALSTI5J /’CALCULATED - SHRANK!*/ 

5 ♦ TURBIS > /’TUReiNE I •/ 

6 , ATENMH 5)/0*0 ,5,0 ,10.0 ,20,0, 30,0/ 

COMMON / AREAl / SPL24I 24, 70,2 » , SPLRFF I?4,70 , U 
C0MM0N/ARFA2/TI TLEI 40) 

COMMON / AREA3 / FR EQ24 { 2 41 ,F LOG 24 ( 2 41 , F RE Q8 I B ) , FLOGS < 8 ) , BWN ( 24 » 
common / AREA4 / MF I 30 » , HNI I 0 » , F NG I NF ,Nl , N J , NK , N II , CR V I 400 I , MKT 
COMMON / AREAS / PNL24I 70 , 1) , XNO Y24 ( 24 J , EPNL 1 4 , 2 I , PEAK PN 141, 

I 0ASPL<70,H ,TCPNL(70,1I , XNOYM)^ ( 70 I , MTCBI70I 

COMMON /ARFA 6/THRUST 14 > ,THRUS I ( 6 ) , OVHT I M C4 ) ,TI MI 70 I ♦ TI M2( 70, 3, 1 ) 
COMMON /FUOTPT/ ICV, CURVXIlOOl, CURVYIIODI, I PT , PCINTXI250 I 
I ,P0INTY(250U OBNL, DELX, DELY 
common /GFOM l /HI 3f4),VI3,4),HREL(3,4J , TEMPO, 4) ,X(3,4I,YI3,4>, PI 
1 ,GAMMI?) ,ALPH(2I, St70,2», WI70,2J ,C(2» 

COMMON /GECiM 2 /THETA I 70 , 3 , I > , AL PH A 1 70 , 3 , 1> , D I R SL ( 70 , 3 , 1 ) , 

1 DISTSL (70,3,1 ),AACI25,2,4> 

COMMCN/CCNNOY/ARPSI 24! ,BBPSI24» ,AL0I24) ,BL0I24) , AM(24) ,BM{24! 
COMMON /HFVJF/ SPLFA I 24 , 70 ,2 » , SPL JF ( 24 ,70 I , 0APS(70,2) 

1 , SPLTUI 24,701 

COMMON /HFVJT/ CATI4! ,ATENI24,4I ,ATATMI?4,4J ,ArFNM(4) 
DIMENSION CRVXI 50) ,HHI 321 ,XX1 132 » ,FRE0P18) ,FREOC(B) ,NHAN0I24) 

B FORMAT! 7F1C.4/Fe,4, 12) 

15 FORMAT! SFB.C) 

16 FORMAT (FF7.0) 

17 FnRMATI F10,3, 12F5.2 / 10X,12F5,2) 

18 FORMAT! 2F10.0, 13A4) 

20 FORMAT (1BA4! 

25 FORMAT! 3CI1, 1012, F5,0 ,2F8.0) 

31 FORMAT! 2X, 18F4, Cl 

35 FORMAT! IHl, 2BH CONTROL CARO AND DATA INPUT // 

1 2X,30Tl, IOI2»F5,0 // 2X,18A4 / 2X,1BA4 / 

2 2X, 7A4,F4,1, 4A4, F 4. 1 , 3A4 , F4.1, A4//) 

36 FORMAT!//// 96H ALTITUDE VELOCITY HUMIDITY TEMP SID 

IFL INF OFFSET POWER OVHTIM NJ / 

2 7X , 3F 1C, 2, I 10 / 7X,6F10,2 ) 

41 FORMAT (2X,?I5, 3F10.2) 

42 format ( // 15X, ‘DELTA JET PRIMARY =• , F4.1) 

100 FORMAT ( 1BA4 ♦ 

101 FORMAT (1H1,36A4I 


PREGEWNG PAGE 3IANK M>T fILMHai 


101 



105 FORMAT F^ole 3 A'^ $ F4®1? A4J 

iq<? FORMAT < 5X» 16A45 

200 FORMAT UHl»55«ff22H S P L INPUT/) 

2C00 FORMAT! IFls 55 Xp36H SRL TRAMSLATFO/) 

210 FORMAT! IH « 3X»15H ROWER LEVEL = tF10®2» 2H ,6X 1 1 1 HALT ITUDE = « 
1 F10»296X9 IIHSIDELINF = «F10«2 ) 

219 FORMAT t IX, 5HANGLE » 24! IX, I 3 )> 

220 FORMAT I3X927F4«0) 

221 FORMAT! IHl ) 

272 FORMAT I IX « 5F8«2 v2F10«,2, 4F8o2, 14) 

273 FORMAT (IX,/ ' TIME TIME THETA FLEVA OIRSL OIST* 

1 ,T52, “HEIGHT PNL OASPL TCPNL XNQVMX TCBAND®/) 


280 FORMAT ! /lX,lfcH MAXIMUM TCPNL = , FlCs2, 

1 IX, 19HAPPR0XIMATE EPNL = , F10.2, 

2 IX, 19HINTEGRATI0N EPNL = , F10.2) 

511 FORMAT (UBREAKOOWN OF CONTROL CARO EPNL 1»,///, 

1 9 1 1 = one header CARO — », !1, / , 

? 9 2 1 = SECOND HEADER CARO », II, / , 

3 « 3 0 = FIXED NOISE SOURCE ■» , II, / , 

4 , 4 0 - STANDARD (NON POLAR ANGLE) INPUT - II, / « 

5 8 5 not used »♦ II, / , 

6 9 (. 0 = SIDELINE INPUT = 1 POLAR INPUT «, II, / , 

7 9 7 4 = STANDARD (FORMAT 17) SPt INPUT •, II, / , 

3 » 8 NOT USED ■* , II, / « 

g 9 g 0 = USE TONE CORRECTION », II, / , 

X * 1C 1= APPLY SHIELDING EFFECT «, II, / / ) 

512 FORMAT 5 

I 8 11 1 * PUNCHED OUTPUT •, II, / , 

5 • 12-15 NOT USED — — - — • , 41 1, / , 

6 « 16 I = GENERATE ATT, TRADES INTERNALLY *, U, / , 

7 • 17 I = OMIT REL# JET VEL, CORRECTION ♦, II, / , 

8 9 18 1 = READ UNIFORM JET - SUPP, CARD •, II, / , 

9 • 19 - — 1 = SHORT FORM OUTPUT * , U, / , 

X 9 2C 1 = STANDARD (LONG FORM) OUTPUT T, II, / /) 

513 FORMAT ( 

1 9 21 1 * JET CORE INPUT *, II, / , 

2 9 22 1 = DEVELOP FOOTPRINT *, II, / , 

3 ' 23 1 = TIME PRINT (GEOM SUB) II, / , 

4 9 24 1 * DETERMINE DOPPLER EFFECTS », 11, / , 

5 « 25 1 = FAN NOISE INPUT *, !1, / , 

6 9 26 1= OMIT JET SHIFT *, II, / , 

7 « 27 I * TURBINE NOISE INPUT , II, / , 

8 ' ?e 0 » USE GROUND ATENUATION *, II, / , 

9 » 29 — 1 = USE JET, INLET, FWD DUCT ATTEN, •, II, /, 

A « 3C 1 = GRIO GEN, FOR DEVELOPING EPNL CNTRS * , II, //) 

514 FORMAT (» 31-32 NO OF INPUT CASES *, 12, / , 

1 « 33-34 NO OF POLAR ANGLES », 12, / , 

2 * 35-36 24 * 1/3 OCTAVE DATA », 12, / , 

3 » 37-38 — “ , 12, / , 

4 » 39-40 NO OF FLIGHT PROFILE SECTIONS », 12, / , 

5 « 41-42 NO OF R,P,M. INPUTS •, 12, / , 
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6 • 43-A4 • f 12 * / * 

7 • 45-Afe NO OF MODES SUMMED '* 12, /, 

8 # 47-46 NO OF GRrOLPCINTS — *» t2* /, 

Q » 49-50 NO OF ATTENUATIONS ’t I2» / , 

A • 51 NO OF ENGINES ** F5.1) 


52? format (// • INLET FANDUCT JET FPNL SLANT D VEL* 

1 • RET HUM TEMP SIOLINE OFFSET GAMMA ALPHA DURATION*, 

2 • D EPNL SE0»/l 

523 format (IX, 4F5.1, F8,3# 5F8,2, 2X, F8. 1 , F8.0, F6,2, FT. 2 

1 ,2F9.2, lAI 

524 FORMAT (2A4, * JET DATA (*, 5A4, 5X, 13A4//* ANGLE*, ?4UX,m/ 

1 (3X,25FA.0n 

525 FORMAT (IX, 4F5*l, F8.3, 2F8,2, 30X, 15) 

526 FORMAT (*0*) 

C*** PREFERRED FULL OCTAVE 
DATA FREOP 

1 / t3,, 1 25,, 250,, 500., 1000., 2000., 4000., 8000. / 

C*** common FULL OCTAVE 
CATA FPEOC 

1 / 53., 1G6., 212., 4-2 4. , 848. , 1696., 3392., 6784. / 

C 

Q ^ ^ ^ 

c 

on 900 1 = 1,24 

900 FL0G241 n=AL0GlC(FR6Q24( m 
C 

10 READ ( 5,25,ENn=5990 I 

1 MF,MN, ENGINE ,THPUSTI1) .OVHTIMm 

C - INI TIALZI AtlON - 

FIRSTl = .TRUE. 

C NJ IS THE NO. OF ANGLES, NK IS THE NO. CF FREO. BANOS 

NI = l 

NJ =MN(2) 

NK *MN(3) 

NSPRIN * MF(19J 
Nl PR IN = MF( 20) 

KKK = 1 
M9 - 1 
MIO = 1 
A3 = 0.0 
NCF = 2 

IF (MF(25> .EO. 1) NCF=4 
DELJFT = 0.0 
DO 532 NC = 1,4 
ATENM(NC )*C. 

CAT(NC)=1. 

DO 582 NB = l,24 
582 ATEN (NB,NC)*O.C 
C 

REA0(5,100» C TITLF(L) ,L*l ,36) 

WRITE tP0RF,5lll (MF(JGW), JGW=1 ,10) 
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WRITE ^PnRFo512I JGM=ll»205 

WRITE IP0RF9513J «HF|JGW)» JGW=21*30) 

WRITE (P0RF,514I SNN|JG«>, JGW= 1,101 .ENGINE 

WRITE IPOREv356 

1 MF pF^N. ENGINE, I TI TLEILKL=1, 251 

2 ,&TENf^m 9«IITLE «LULs27.30l , ATENM<2», ?T I TLE <L» , U*32, 34> 

3 ,A3, TITLE!36J 
I =1 

READ! 5, 155HI I, UsiVU.n ,HREL j l,n .TEl'PIl ,n ,X«1, n.Vd, n, 

1 GAPMm oALPl .VMJET 

2 ,H52, n,V<2,U,HREL{2,U,TEMP(2,n ,X(2,U ,Y<2,n ,GAMM(2I ,ALP2 

3 .VMJFT 

ALPHm = ALPl ^ GAMNUS 

C( U - AS<,02 « SQRT«TE«Pn,U «• 459e67> 

WRITE « PORE. 361 

1 HU o! 1 .VU.n .HRELU , U , TE HP U , II » X( 1 » I I ,YU , II . 

2 THRUSTU I.OVHTIMI n,NJ 

3 . HI 2, n. Vi 2,1 l,HRELi2,I I , TE HP 1 2 .1 1 .X 12 , 1) , V 1 2 , H 
IFIMFC 7KNE.4I GO TO 159 

DO 1159 J*l,NJ 

REACI5,178 THETAi J, l.n a SPL24<K,J,KKKl ,X=l ,NK| 

1159 DIRSLU.l.U ® THETAIJ.l.ll 

CALL WRITE 15.12, 1. 0, 1, 1. SPL24 , DUMY) 

159 CONTINUE 

IF IHFI29I ®NE® II GO TO 360 

MIO = MNIIGI 

READ 15,181 A3 ,VJJET, TITLE2 
DO no NA = l.NJ 

110 READ <5,171 DUWWY , I SPL JE ( NB ,NA 1 , NB= 1 ,24 ) 

CARR * C.O 

IF INFOS «NEe 01 CARR * 6.0206 

CO A80 NB*1,NK 
no ^80 NA*l,NJ 
SPLTUINB.NAI » C.O 

480 SpLJEINB.NAS = SPLJEINB.NAS ♦ CARR 

CALL WRITE 12® ?, 0, 0, 1, I, SPLJE , DUMYS 
00 155 NC ” l.NCF 

155 READ 15,171 CATINCI, I ATE NI NB , NC S , NB® I ,24 > 

READ < 5, lei A3 ,VJJ£T 
DO 5C8 NA »1,NJ 

508 READ 15,17S OUHl , I SPLPEF I NB , NA , U ,NB*1 ,24 ) 

CALL WRITE I 2, 0, I, 0, 1, 1, SPLREF,DUNYS 

~ CHANGED FOR NASA LEWIS ONLY “ “ “ - 

IF IMFI18I .GT. 01 READ I5,17J DELJET 

IF f«F|25l .EQ. OS GO TO 352 

DO 109 NA ®l,NJ 
DO 1C9 N8 =1,24 

IF I SPL24iN8,NA«KKK| .ST. SPLREF INB,NA,1S ) GOTO 108 

WRITE 16,411 Nfi.NS, SPL24 I N6®NA ,KKK ) ,SPLRE F f N8. NA, 1 ) 
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Sf>LRFF<N8,NA» 1 » = SPL 2A { NB # NA , KK K) -1,0 

108 CnNTINUF 

SPL?A(NB,NA,1» = 10. ♦ ALGGl 0(1 0. ( SPL?A ( N0 » N A , K KK > ♦. 11 

1 -1C.**(SPLREF(N0,NA,1 ) ♦•Ul 
IF (MF(21I .EC. 1 ) 

ISPL JE( NB,NA ) = 10. ♦ ALOGlOf 

2 10.^*(( SPLJE (NB.NA) -DELJET) ♦. U 

3 ♦10.**(SPLPFF(NS,NA,n ♦.IM 

109 SPLREF(NB»NA«1) = 0.0 

GG TC 350 

C - - - - - TQHERF 

352 CALL JSHIFT 

350 CALL WRITF (5, I, 1, 0. !♦ 1. SPL24 » DUMYI 
CALL WRITE (2, 9, 0. 0* 1, 1, SPLJE , OUKY) 

WRITE (6tA2> OFLJET 

IF (MF(27) .EO. 01 GO TO 360 

READ ( 5 » IP) AA t VTJET 
DO 112 NA =1,NJ 

112 READ ( 5» 17) THETA ( NA ♦ I , I ) , ( SPLTU ( NB , NA ) , NB= 1 , 2A ) 

CALL WRITE (3, 1, 1, 0. 1, 1, SPLTLi , DUMY) 

360 CONTINUE 

DO U5 J=ltNJ 

IF (ARSITHETAi J,It 1) - 90.0) .LT. TCL) THETA(J,I,1) = 89.999 

165 continue 

IF (MF(30) .EQ. 1> H9 = MK(9| 

IF (MF(2C) .EO. 1) GO TO 166 

WRITE (t,221) 

WRITE (6,522) 

166 continue 

NR0 = 5 

00 450 IJL = I »M9 

FIRST = .TRUE, 

LAST = .FALSE. 

IPT = C 

IF (HFI3C) .EC. 1) READ ( 5 ,15 ,FND=9990 ) 

1 H(2,l), V(2,I), HftEL(2,n, TENP(2,1), X(2,l) 

2 ,Y(2,1), GAMM(2), ALP2 ,VMJFT 

IF ( VMJET ,E0. 0.0) VHJET - VJJFT + V(2,l) 

ALPH(2) = ALP2 ♦ GAMMI2) 

C(2» = 49. C2 ♦ SORT (TEMP(2,1) ♦ A59.67) 

ASSIGN 5G10 TO LEAP 

GO TC 5090 

C** - - - FOOT PRINT LOOP -♦ -♦ ♦- 

5010 READ (5,15) DBNL, OELX, OELV, Y(2,l) 

5577 FORMAT COAtMtS •, 8G15.7) 

WR ITE( 6,5577)DBNL, DELX, OELY, YI2,1) 

ASSIGN 5G20 TO LEAP 

GO TO 5090 

5020 CALL BOUNDY (OBTEST, X(2,l), YI2,U, +5025, +5035) 
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5025 aSSSGf^ 5C2C TO tEAP 

GO TO 5090 

5030 CALL BQUNDX IDSTESTp XSZeUo Y?2,llp «-5033» 4-5035) 

5033 BOUND - oFALSEo 

GO TO 5040 

50 3 5 BOUND = «TRUEo 
5040 ASSIGN 5C3C TO LEAP 

5080 IF {LAST *ANOo B0UND5 GO TO 4020 

5090 CALL GECH {LAST? 

IF tMFf29S ®E0® OJ GO TO 509 

CALL JETHFV CVJJET eVMJETI 
CO CALL WRITE {2 le Oo 2» 1 SPLJE, DU«Y) 

C44 

C4* LOBE SEPEBATION LOOP ♦* *♦* ♦♦ ♦♦ *♦ 

509 CONTINUE 
NR5 ® C 

IF IMF! 16J ®E0« IS NIO = I 
DO AOO UK =1,M10 

IF CHFI29S ®E0. OS GO TO 510 

IF SNFI16> oEO® II GO TO 515 

READ {5»15| { ATENMILS »L=1,4S 

NRO « 1 

515 CONTINUE 

00 4C0 NR 4 *l,NRO 
ATENM(4S * ATENMKNR4I 
DO ^00 NR 3 al,NRO 
WRITE (4,5261 
ATENM{ 3 5 = ATENMHNR3S 
DO 400 NR2 *l,NRO 
ATENMI2 8 = ATENMHNR2I 
DO 40C Nftl *l,NRO 
ATENHJIS * ATENMUNRIS 
MR5 ® NR5 I 
CALL LOBESE 

CD CALL WRITE (I #9, 0, 0« 2, 1, SPL24, DUMY| 

510 CALL TRANPO 

CC CALL WRITE (I ,10,1, 0, 2, 1, SPLREF ,OUMYS 
CALL ROTATE! 2, 1, SPLREF, OIRSLI 
CO CALL WRITE (I ,10,0, 0, 2, I, SPLREF ,OUMY| 

CALL NOYFmSPLREFS 
CALL EPNLTK SPLREF ,VI2,U ,2, DTIHE) 

IF INR5 ,EQ* 11 EPNLF * EPNL(I,2> 

DEPNL = C,0 

IF IMFI29I ,E0® U OEPNL = EPNLF - EPNLIf,2S 

TF IMFI20S eEO* U CALL WRITE (1, 10, 1, 1, 2, 1, SPLREF, OS 
IF CNLPRIN .EQ.ll WRITE (PORE, 5221 
SLD= SQRT{H(2, 1I4*2* X(2,1I»*2I 

bRITE «PORF,523l ATENMI I ) , ATENM{ 3 1 , ATENMC 21 , AT ENMI4I , A3 

1 ,EPNL(!,2}, SLO , V(2,ll, HREL(2,U, TEKP(2,U, X(2,ll, 

2 Y(2,I1, GANM(2I, ALP2 ,DTIPE , DEPNL , NR5 
IF fMFdll .EQ. 11 
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1 WRITE 1 7 ,5251 A TFNMI I ) t ATENMI 3 > t AT ENM I ? ) f ATENMI 4 I ♦ A3 

2 ,EPNL(I»2I» OEPNL »NR5 

CF WRITE (PAPERi523) ATENMC1I» ATENMI2I* A3* 

CF 1 EPNL(1,2», H(2,IJ, V(2,n* HREU2,1), TEHP(2*n* X{2,U, 

CF 2 Y(2*ll, GAHH(2>. ALP2 *OTI WE *DEPNL 

ACO CONTINUE 

IF IMMlOl.EO.l .AND. MN(9UGT,1> WF(29I = 0 

C** - - FOOTPRINT LOGIC - _ - 

IF {MF{22) *FO* 01 GO TO A50 

IPT * IPT ♦ 1 
POlNTXt IPn ^ X(?,l > 

POINTY! IPTI * Y(2*l I 
obtest = EPNL! I ,21 

GO TO LEAP*(5010* 5020* 50301 
C 

4020 CONTINUE 

CA020 CALL PLCTFP (POINTX, POINTY, IPT, FIRSTl, CURVX, CURVY, ICVI 
FtftSTl * .FALSE, 

450 CONTINUE 
213 CONTINUE 
GO TO 1C 
SOPO STOP 
END 
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SUBROUTINE HRITE Jl I ® J J eK«L « SPL24 , TITLE > 

2DH914 23 - 23 

!! TITLE I SUBSCRIPT 

JJ TITLE 2 SUBSCRIPT 

K = I SKIP PAGE 

L =0 SPL ARRAY ONLY 

= 1 COHPLETE OUTPUT 

M - 1 INPUT CONDITIONS 

= 2 TRANSLATED CONOl TICKS 

N VALUE OF THE THIRD SUBSCRIPT ON ALL 3-D ARRAYS 

SPL2A SPL ARRAY 

TITLE USED IN EPNL 2 

COHHON / AREA4 / MF 1 301 .MNU 0 ) , ENG! NE ,NI ♦ N J , NK ♦ Nil ,CRV 1400 I * MKT 
COMMON / AREAS f PNL24I 70. 1 1 # XNO V24 1 24) , EPNL 1 4 .2 I » PEAK PN (4), 

1 OASPLI 70tl) .TCPNU70.1) .KNOYMKITO), MTC8I70) 

COMMON /AREA6/THRUST 14) ,THRUSI < 6 ) . OVHTI M 14 ) ♦ TI MI 70) ,T I M21 70 . 3. 1 ) 
COMMQN/GEOM1/H!3.4)»VI3,4),HRELC3,4) .TEMPI 3 ,4) .X 1 3. 4 ) , YI 3,4 ) , PI 
I .GAMMI2) .ALPHI28. S870.2). WI70.2) ,CI2) 

COMMON/GeOM2/THETA< 70,3.1 ) . ALPHA « 70. 3 ,1) ,0 1 RSL <70,3 , 1 1 , 

1 OISTSL<70,3,1),AAC(2S,2,4) 

COMMON /HFVJE/ SPLFA < 24, 70,2 ) , SPLJEI24 ,70) , 0APSIT0,2) 

1 , SPLTUI24,70) 

DIMENSION SPL24<24,17,1) 

DIMENSION TI TLU8) ,TITL2{13) , TITLF(18,3) 

DATA TITLl /•ENG.»,»JET '.'TURB*,* 'FAN *,»JET2», 

1 ® ® • ® ® / 

2 ,TITL2 7»BASE»,«ATT. *,*CORR*,» ',*FWO*,»AFT •.•PRIM' 

3 ,'SEC •. nOT • ••TRAN*. • IDA) •,»JET2* ,» '/ 

45 FORMAT ( 1X,18A4) 

195 FORMAT < 'I** 

200 FORMAT I /55X, A4 , lOX ,A4/ ) 

219 FORMAT < 5X « ANGLE • 2X ,( 24tlX, I 2 ,l X) ) /) 

220 FORMAT < 5X, F6« 2 ,1X, 24F4, 0) 

272 FORMAT I IX , 3F8, 2, 2F 10, 2 ,4F 8. 2 ,I 4 ) 

273 FORMAT C /5X • TIME TIME THETA FLEVA DIRSL OIST* 

1 4X» HEIGHT PNL OASPL TCPNL NOYMAX NB*/) 

IF (K.EQ.l) WRITE <6,195) 

IF (MF<2),EQ,0I WRITEI6.45) <TITLE I LL . N ) ,LL= I , 1 8 ) 

WRITE <6,200) TITLKII ) .TITL2 <JJ) 

WRITE<d,219) (NB,NB«1,NK> 

00 250 NA»NI,NJ 

250 WRITE <6,220 DiRSL«NA,H, 1) , < SPL24 <NB,NA,N ),NB»l,NK) 

IF <L,E0,0) RETURN 
WRITE <6,273) 

DO 300 NA*NI,NJ 

300 WRITE <6,272) TIM< NA) , TI M2I NA ,M, 1 ) , THE TA f NA , M, 1 ) , AL PHATNA, M, 1 ) , 

1 DIRSL<NA,M,1) ,0!STSL<NA,M,U ,SINA,M) ,PM24 < NA, 1 ) , 

2 0ASPLINA,U,TCPNLINA,1) ,XNOYMX<NA) , MTCBINA) 

RETURN 

END 
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SUBROUT INF GFOM (LAST) 


ZDM914 02 - 2T 


LOGICAL *4 LAST 

REAL * 4 BIG/l,06»50/ 

COMMOM / AREA4 / «F (301 ,MN(1 0 ) ,E NG I NE ,NI . N J t NKf N II t CRVI400 » t MKT 
C0MM0N/ARFA6/THRUST(4),THRUSI (6) ,0VHTIM(4) , T I M( 70 ) t TI M2( 70 ♦ 3 , I ) 
COMMON /GEOMl /HI 3*4) ,VI 3 *4 ) *HREL( 3 ,4 ) , TF MP ( 3 *4 ) * X 1 3 » 4 ) , Y I 3,4 ) , PI 
1 *GAMM(2), ALPH(2», S(70,2), W(70,2) ,C(2) 

C0MM0N/GF0M2/THFTA(70,3,n,ALPHA (70,3,1) ,DIRSL (70 , 3 , 1 ) , 

1 0ISTSL(70,3,1 ),AAC(25,2,4) 

COMMON / GE0M7 / PSK70) 

DIMENSION CRVX(50) ,P(3,4I 
C S (NA, 1 ) TRANSLATED HEIGHT 

C S (NA, 2 ) real height 

63 FORMAT (///lOX'^** X(2,l) TOO LARGE S(»I3,',l) IS NE6* , 2X, F15, 5 

1 // 1CX,€F12,5///) 

PI 180= I EC. /PI 
NJ=MN( 2.) 

DO 130 NA=1,NJ 
DO 13C L = l,2 
S( NA,L )=F(L,1) 

DISTSL(NA,L,U=H(L,1) 

DIRSL(NA,L, l)=THETA(NA,l ,1) 

ALPHA(NA,L, 1) = 0, 

130 TIM2(NA,L,1)=0. 

DO 140 L*l,2 

140 C(L )=49.C2*S0RT(TFMP(L,lM-459.6) 

L = 2 

C9R*GAMK(L )/PI 180 
C8R=C9R 

IF (COR.FO.O.) GO TO 180 

YCRIT=( (H(l, 1)/C0S(C9R) )-H(2,l) ) /TANCC9R) 

IF (C9R.GT,0, AN0«Y(2,l )*LT.YCR1 T) Y(2,l) = YCRIT 
IF (C9R*LT*0. AND.Y(2, 1I.GT*YCRI T) Y(2,1) = YCRIT 
180 CONTINUE 
XL=0. 

7 = 0 . 

Hl = H(L, n+Y«L,l)*TAN(C9R) 

Yl = Hl 

H2 = H(L, 1 )♦( Y(L, D + IOOO, )*TAN(C9R) 

HDD=H1 

IE( ABS( X(L, in .LT.l.) GO TO 190 
XL = 1CCC,/C0S(C9R) 

Z = SORTC XIL, 1)*X(L,1)+H2*H2*1000000,) 

HDD=S0RT( H1*H1+X( 2,1)*X(2,1)) 

Yl=HCD 

C8R = ARCnS( ( HOO*HDD*XL»XL-Z*Z) /( 2. ♦HDC»XL ) ) -PI /2« 

NI = 0 
TEN=10, 

QST=170, 

182 CONTINUE 
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NI*N !♦! 

TP f = T6N/PI18C 
TF!C8R®GT*Go ) GO TO 185 
TP 1=0 St /P 5180 
N 1 = 1 
NJ=NJ-1 
105 CONTINUE 

STEMP=H1-H00#TAMIC9R|/I TANI TPIM-TAN«C8Rn 
IF( STEMP.GT.Oe 8 GO TO 190 
TPO = TP I'9'Pf 180 

WRITE U#fc38 NA,STEHPfC9R»CSR,TPO,HDDfH42,n 

T6N=TEN+10a 

OST=nST-10® 

GO TO IE 2 
190 CONTINUE 

00 200 NA=Nl»NJ 

C2P=D1RSUNA,29 15/PU80 

S( NA, U=V1*TANIC2R» /iTAN(C2R)4-TANIC8RM 
DISTSL{NAs2fl8 = SJNA9lJ/SINIC2R) 

XREF=-S«NA.U/TAN<C2RI 
SCNA,2J=XREF*TAN<C9R|*H1 
APR= ALPFSL8/PU80 

PS KNA 8 =ARC0SH-XREF*C0S<APRI-S<NA,2)*SrNI APR I I /0ISTSL4 NA,L » U I 
I *PI1£0 

0ELT»01STSL(NA,t9U /C CL» 

C7 = S(NA, U«0ELT*SIN«C8RJ 

CT* -VIL» ll*OELY*COS<C8R8 

IF ! niRSl.«NAtt» U»NE*90. I CT«CT4 SI NA,U /TAN(C2R J 
THETAjNAsL. l»=9C® 

IF <CT.NE.0#8 THETA«NA,L#U*ATANIC7/CTI«PI180 
!FITHETAINA,L.l».LT.O*l THETAC NA,L , 1 1 =l 00. ♦THET AINA.L ,11 

ri 2 =o. 

IF ( THETAINAfL, 18.NE.90. 8 C 12 -TANI THETA I NA » L ,1 ) / PM 80 » 
STHFT*HCC*T4NIC12»/ITANIC128+TANIC8R8I 

IF IC12.NE.O.ANO®VIL,1I.NE.O. I TIM2 INA,I.,1 )=-STHFT /CI2/V(L,18 
IF C VR,l».NE.O*8ALPHAlNA,L,l)*ARSIN<S|NA*2) /OISTStINA.L.lJ 8^PI10O 

200 continue 

RETURN 

END 
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SUBPOUT INE TRANPO 

C ZDM914 06 - 3T 

COMMON / AREAl / SPL24( 24 ,70,21 ♦ SPLREF < 24 , 70 . 1) 

COMMON / AREA3 / FREQ24 ( 24) ,FL0G24I24I ,F REQ8 f 8 1 , FLOGS ( 0 ) , 9WNt 241 
COMMON i AREA4 / MF (30 » ,MN( 10 1 ,E NGI NE ,N I , NJ, NK, Nfl ,CRV (400 I , MKT 
C0MM0N/GE0M1/H( 3,4) ,V( 3,4) ,HRELi 3,4) , TEMPO, 4) ,X (3 ,4 ) , Y ( 3,4 ) , PI 
1 ,GAMM(2), ALPHI2), S(70,2), VM70,2) ,C(2) 

COMMON/GEOM2/THETA( 70,3 ,1 ) , ALPHA ( 70 , 3 , 1 ) ,D I RSL (70 ,3 , I ) , 

1 DISTSL17C.3,1),AAC(25,2,4) 

DIMENSION CRVXI50),FRE0X(24) ,FL0GX124) 
niMENStON ATTl(24),ATT2(24) 

241 FORMAT!/, 3X,4HH * ,F12.2,4HV « ,F1 2 ,2 ,7HHR6L = ,F12.2, 7HTEHP » , 
I F12.2,AHX = ,F12.2,4HY = ,F12.2) 

2A2 FORMAT! 3X,21HA8SaRPTION CORRECTORS ) 

243 FORMAT! 3X, 4(1 3 , 1H*,G15* 6 , 3X)) 

t ♦ ♦♦♦♦♦ 

1=1 

NN8=3 

CALCULATE ATMOSPHERIC ATTENUATION 
00 ICO L=l,2 

C** TEST TO AVOID ARSIN .GT, l.O 

DO 50 J=Nf,NJ 

IF !S(J,L) .GT. OISTSL(J,L,n ) SIJ,L) * DISTSL(J,L,n -,0001 
50 CGNTINtlE 

CALL ATA8C!NNB,T£MP!l. , I ) ,HREL(L,I) , AACIl ,L, I) ) 

IF(MF( 23).E0,0» GO TO 100 

WRITE (6, 241) HCL, I) ,VIL,I ),MRFL!L,I) ,TEMP!L, I ) ♦X(L,I),Y!L,n 
WR ITE!6,242) 

DO 861 M=l,6 
M2=M+6 
M3=M+12 
M4=M+18 

861 WRITE! 6,243) M,AAC! M,L,I) ,M2,AAC !M2 ,L, I ) ,M3 , AAC 1 M3 , L ,1 );,M4, 

1 AACIM4,L,n 
100 CONTINUE 

6 FORMAT C/12F9,3) 

CO WRITE AAC 

DO 498 L*l,24 
ATTHL )=C. 

ATT21L )*C, 

498 CONTINUE 

DO 5C1 K=1,NK 
FREOX! K )=FREQ24!KI 
501 FLOGX! K )=FL0G24IK) 

CONST=6,3 
1 = 1 

DO SCO J=NI,NJ 

C EGA - EXTRA GROUND ATTENUATION 

IF! MF! 2£),GT,2) GO TO 1602 

IF!MF1 28).NE,1) CALL EGAl (01 STSL U , I ,I ), FREOX , ALPHA ! J, 1, I) 

I ,NK, ATTl) 



IF{ MFI 28I,NE«2I CALL EGAHDI STSU J,2 tl ) »fPEOX , ALPHA! J,2 ,1 1 
I ,NK» ATT2I 
1602 CONTINUE 
CO WRITE {6, £8 ATTl 

CC WRITE' I6tt* ATT2 

!F (MF«24J oEO. 0» GO TO 630 

C TRANSPOSE SPL VALLES 

C RENOVE DOPPLER SHIFT AND CORRECT FOR BAND WIDTH 

DOP=ie-V( 1,1 i*COSCDIRSLIJ,l,I I /I 80, *P! ) /CU ) 

OOPLOG»10»*ALn6lO!OOPl 
DO 601 K*UNK 

CRV !K» sSPL24(K,J,II-lO«PFLOGX!K)*-CONST - DOPLOG 

601 CRVXI K I*ALOGIO«OOP*FREQX!X1 1 
DO 6C2 X=l,NK 

602 SPlREFCRtJeU » TBLUl! F L0G24I K) , CRVX, CRV, 1, 241 

CD CALL WRITE i I, 7, 1, 0, 2, I, SPLREF, OOP) 

0ISTAN=StJ,2) 

IF (HF( lO.EQ.l) OISTAN-SORTCSC J,2»4SfJ,2)+X!2,l)*X(2, 1)1 
ENGICR«! 1*»S0RT!SIN<$( J,2)^0I STAND I ^S. * ALQGIO I ENGI NE ) 

DO 603 K«1,NK 

SPLR6F|K,J, I »*SPLREFIK, J,I)^20.*AL0G10I0ISTSLU.I ,n/OISTSL« J,2, I ) 

1 )40I STSLI J, l,I)«AACIK,l ,1) /1000,-OlSTSLIJ,2 , 1) *AAClKr2, D/IOOO, 

2 +6NGICB ♦ATTUKI-ATT2IK) 

603 CONTINUE 

CO CALL WRITE ( I, 8, C, 0, 2, I, SPLREF, OOP) 

C ADD DOPPLER SHIFT AND CORRECT FOR SAND WIDTH 

OOP = 1.-VI2,I )*C0SIDIRSUJ,2 ,I » /I 80# ♦ PD /C( 2 I 
DOPIOG = 1C«*ALOG10(OOPI 
DO 600 K»1,NX 
CRV(K) » SPLR£FIK,J,1I 
600 CRVXfK ) sALOGIOIFREOXIK) /OOP) 

00 650 K»1,NK 

650 5PLREF(X,J,n * TRLUl ICRVKIKI, FL0G24, CRV, I, 241 

CO CALL WRITE I I, 7, I, 0, 2, I, SPLREF, OOP) 

DO 651 X»1,NK 

651 SPLREFCX.J, I l»SPLREFfK, J,Il^lO.*FLOGxm)-CONST ♦ DOPLOG 
CO CALL WRITE I 1, 8, 0, 0, 2, 1, SPLREF, DOP) 

GO TO 800 

630 CONTINUE 

DISTAN = SI J,2) 

IF IMFnC»,EO,U OlSTAN*S0RTISiJ,?l*SI J,2)*XC2,1)*XI2,ID 
ENGIDB»I l,*SORTISINtSI J,?»/01STAND ! ♦S, ♦AtOGl 0 ! ENGI NE ) 

00 7C0 K*l,NK 

SPLREFIK,J,I »=SPL24|K,J,I 1 + 20. *ALOGl 01 01 STSL ( J# 1 , I )/0I STSLI J,2, I I ) 

1 ♦0ISTSLIJ,1,I »4AACIK,l,I) /lOOO.-OISTSLI J,2,r )*AACIK,2,I)/1000. 

2 +ENGICB ♦ATTUXI-ATT2CKI 
700 CONTINUE 

800 CONTINUE 
RETURN 
END 



SUBROUTINE ROTATE I L,KKK, SPL24, THETA I 
C ZnWRlA 23 - JT 

REAL #4 SPL24( 24, 70,21, THETA<70,3,n 

COMMON / AREAA / HF (301 ,«NUO I , E NGI NE ,NT ,N J , NK , Nil » CRV ( 400 1 , MKT 
COMMON 7GE0MI/ H( 3,4 ) , V( 3,4) , HREL(3,4), TEMPI3,4), X<3,4), 

1 YI3,4), PI, GAMM<2), ALPHI2), S(70,?), WC70,2», C(2) 

COMMON / GE0M7 / PSIC70) 

DO 120 NB= l,NK 
DO lie NA*NI,NJ 
no CRV(NA) = SPL24<NB,NA,KKK) 

00 120 NA= NI,NJ 
AN=PSIINA ) 

120 SPL24INB,NA,KKK) = TBLUl UN ,THE TA 1 1 , L , II , CRV, 1, NJI 
RETURN 
END 
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SUBROUTINE NOVF It S SPLNOYI 

C Z0N914 05 - 3T 

COMMON / &RE&4 / NFI30J *MNUOJ »ENG1 NE ,NI ? NJ *NK, Nil ,CRV <400 I ,MKT 
COMMON / ME&5 S PNL24S 70» U » «N0V24 <24 1 , EPNL 14,2 I » PEAKPN (41, 

I OASPU70,U,TCPNU70,1» • XN0YMXI70>, MTCBI70) 

COMMCN/CCNNOV/ASPSI 24 1 ,9BPS«24{ ,AL0(24) ,BL0(24l , AMI24U0M(24> 
DIMENSION SPLN0¥(24,70, U 
C0NST=0*15 
! = I 

00 960 J«N!,NJ 
on 9C0 KslsNK 
KK=K 

XNOY24( IO®0® 

TF( ABPS(KK}«NE*C««Ar«)« SPLNOYI K, J, I) . GT«0. ) 

I XNOV2AIKI«SPLNO¥f K, J,n /ABPSf KKI 
IF( SPLNCV(K,JjI I.LT,A3PS( KKII GO TO 900 
XNO¥24« K}alO«^’5'«AM({CKI$(SPlNOY(«,J,I }-ALO(KK> i > 

IF( SPLNOY(K«J,I I.GT.BBPSIKK) 1 
1 XNO¥24|K8siOeP*(BMIKK}P(SPLNO¥(K,4,n-'BLO(KKn I 
900 C0NTIN4JE 
XMAXaO. 

XSUM»0o 

DO 950 K=1,NK 

XSUH*XSUK+XN0¥24|K| 

IF( XN0Y24(K I«GT.XMAX) XMA X« XN0Y24 (K> 

950 CONTINUE 

XNOVTLsXMAX^CONST*! XSUM-XMAX) 

XNOYMXCJJ « XNOYTL 
PNL24C J,n»40* 

IF< XNOYTL^GT®!* I PNL244 J, tS »ALQG10( XKO¥TU /•030 103*40. 
n A SPL U , 1 1 «OAFUNC ( SPLNO Y( 1 • J , t'l) 

960 CONTINUE 
RETURN 
END 
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c 


SUBROUTINE 6PNLTI 1 SPLEPN ,VEL,L »OTIP£» 


ZDP914 03 


03 


COMMON f AREAl / SP L24 ( 24, 70 » 2 ) . SPLREF C2A , 70 ♦ 1 > 

COMMON / AREA3 / FR EQ24 ( 24) ,F L0G24 1 24) ,f RE 08 « 8 ) , FL0G8 ( 8 I , BWN( 24) 
COMMON / AREA4 / MF <301 ,MNUO) ,ENGI NE ,NI ,NJ , NK , NI I ,CRV 1400 ) , MKT 
COMMON / AREAS / PNL24( 70, 1 ) , XN0Y24 <24 ) , EPNL < 4 ,2 ) , PE AK PN 14), 

1 ClASPLt 70,1) ♦TCPNLCTOfl) ,XN0YMX<70), MTCBtTO) 

COMMON /AREA6 /THRUST <4 ) ,THRUSI (6) ,0VHTIMJ4) ,TI M< 70) ,T I M?( 70 , 3, 1 ) 
CQMMGN/GEOMl/Hf 3,4) ,V( 3 ,4 ) ,HREL ( 3,4 ) .TEMPI 3, 4) ,X (3,4) , YI 3,4 ) , PI 
I ,GAMM(2) ,ALPH(2) ,S(70,2) ,WI7C,2) ,C(2) 

COMMON /GE0M2/THETA 170, 3,1), ALPHA (70, 3,1) ,01 RSL 1 70 ,3 , 1 ) , 

I niSTSU?C,3,l ),AAC(25,2,4) 

OIMENSICN SPLEPN (24,60,1) 

1 = 1 

EPNL( 1,1) = O.C 
EPNLd,?) = 0,0 

DO £33 NB*1,24 
00 833 NA=NI,NJ 

IF! SPLEPN(NB,NA,l ) ,LT. 0.0) SPLEPN I NB, NA ,1 ) = 0.0 
833 CONTINUE 

DO 9C0 J=NI,NJ 
TCPNLU, I)=PNL24IJ, () 

MTCBIJ) = 1 

IF (MF(9) .NE. 0) GO TO 900 

TCPNL(J,I)=PNL24( J,n^FMTONEISPLEPN (l,J,I), NTC8) 

MTCBC J ) = NTCB 
900 CONTINUE 

IF! VEL.EC.O.) GC TO 1000 
M=l 

CM=M*1C. 

CMl=M 

XNT=90. 

XN 1*0. 

XHUN*XN HDM 
PNLMAX*0. 

DO 161 i*Nl,NJ 



IFITCPNU J, I ).LT.PNLMAX) 
PNL iAX=TCPNL( J, I) 

JMAX = J 

PEAKPNi I ) * PNLMAX 

GO TO 

161 


161 

CONTINUE 





IF (PNLMAX oLE. XNI ) 
IF (PNLMAX .LE. XHUN) 

DM 

= PNLMAX - XNI 

RETURN 


PM = PNLMAX - DM 





IF ( TCPNU 1, I ) .GT. PM 

.OR. 

TCPNLINJ ,I I.GT.PM) 

RETURN 


DO 162 J=1,JMAX 
JL*J 

IFITCPNK JL*1,I ) .GE. PM 


TGPNL(JL*l,n .GE. 

XN*n G0T0163 

162 

CONTINUE 





GO TO 16A 
163 continue 
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00 U5 JaJHAKcNJ 

JT = NJ -J ♦ JMAX 

!Ff TCPNLU?“lv I I .GE* PN oANO® TCPNUJT-l,H -GE, XNiJ I 

165 continue' 

GO TO 164 

166 CONTINUE 

Tt = < PNLMAX-0«»TCPNt I JL, I H / ITCPNLlJL + 1 , i:i-TCPNL( JLt I H 
1 *tTIH2< + HTIN2IJL,L,n l«TlN2UL»L«n 

TT*TIM2IJT,L*I >-f PNLMAX-DW-TC PNL f JT , U I / ITCPNU JT-l , M- 
I TCPNLIJTe n l♦^TIN2IJT,L•f J-TIM2IJT-1 ft.in 
OTIME = TT - TL 

EPNLCI,NI*PNLMA»4>10,»ALOGIOH TT-TL > /DMl /15* > 

SUM*Cc 

SL>N = ,5*llCe»*nPNtMAX-3MI/10e i^lO* ♦♦ (TCPNLIJL + 1 » !>/ 10. II* 

1 (TIM2UL*1,L* tl-TLI*. 5*U 0. ♦♦ C (PNLPAX-OMI /lO. I ♦ 

2 10 .**«TCPNU JT“l ,11/10. n*CTT-TIM2IJT«l,L,m 
NU=Jt+l 

NT=JT"2 

DO 171 N»NL,NT 

171 SIJM*SUH + .5*nO«**ITCPNLCN,I I /lO. I ♦10. *• I TCPNLI N* 1 , I 1/10. I 
I CTIM2<N«-l,L,l l-TlM2IN,L,n I 
EPNLI !,2)=10,*ALOGIOI SUM/IO.I 
GO TO 16C 

164 EPNL* I f MI»-100C, 

EPNLU, 21=-10C0. 

160 CONTINUE 
1000 RETURN 
END 
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SU8RQUT INE JSHIFT 


C ZDH914 24 - KT 

rOM^OM / AREAl / SPL24(24, 70*2) ,SPLREF(24, 70,1) 

C>MMDN / AREA4 / HF (30) ,WNC 10) ,E NGI NE ,NI , NJ , NK , N II ,CRV ( 400 ) , HKT 
CO^mcm / HFVJE / SPLFA(24,70,2) ,SPLJe(24,70) ,CASP(70*2) 

I , SPLTU(24,70) 

REAL *4 ACC(25), CRVX(25) , SPLR0(24 ,70) 

1 ,SHPANK(24) /17,, 16*8, 16,5, 16,, 15. C, 14.5* 14.0, 13.5,12.5, 

2 12., 11.5, il.c 10. * 0., 6., 6., 4. * 1., 0.* .5, 1.5, 3.* 5., 

3 ?./ 

EQUIVALENCE ( SPLREF Cl , I , I ) , SPLROd.U) 

C* 4t t 0 

KKK = 1 
N1 = 19 
HN8 = 15 
N0 2 = MN8 1 

IF («F(26) .EQ. 1) GO TO 400 

CALL JETS>»0 (SPLJE) 

CALL JETSMO ISPLRO) 

400 DO 508 NB = 1,24 

DO 5Ce NA=NI,NJ 

SPLPEF (N8,NA,1) = SPLJE(NB,NA) - SPLREF <NB, NA, I ) 

IF ( SPLJE(NB,NA ) .GE. SPL 24 IN8 ,NA , KKK) ) SPLJECNB,NA) * 

1 SPL24(NB ,NA , KKK) - 1.0 

508 CONTINUE 

IF (HF(2E) .EQ. 1) RETURN 

DO 485 NA®N!,NJ 
SAVl = SPLJE(MN8,NA ) 

00 518 N8 =1,MN8 

SPLJE(NR,NA) = SPL24(Nl ,NA,KKK) - SHRANK(NB) 

IF ( SPL24(NB,NA,KKK) .LE. SPL JE CNB ,NA) ) 

1 SPLJE(N8,NA)= SPL24(NB,NA,KKK) - 4, C 

518 SPLJE(N6,NA) = 10. ♦ ALOGlOl 10. ♦♦( SPL24 ( NB ,NA, KKK)* .1) 

1 -10.**(SPLJE(NB,NA| ♦ .in 

SAVl a SPLJE(MN8,NA ) - SAVl 

DO 485 NB * NQ2,24 ( 

SPLJEIN8,NA) = 5PLJE(N8,NA) ♦'SAVl 

IF I SPLiElNB,NA ) .LE. SPL 24 (NB ,NA , KKK) ) GO TO 485 

SAVl = SPL24(NB,NA,KKK) - . 05 ^ I SPL JE ( NB, NA ) ~ SAVl) 

SPLJF(N8,NAI = SPL24(NB,NA,KKK) - .05 
485 continue 
RETURN 
END 
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SUBFtOUTINf: JETS«0 fSPLJEJ 

C ZDM914 25 - KT 

COMPTON / dPE&4 / MFI30) «MI4||0|fENGlNE«N!;«NJjm «NK«NIIrCRVf400) 
I9NKT 

REAL *4 ACJ25S9 CRVXC258 , SPL JE 124 ,701 
EQUIVALENCE (NJfNJJUM 

C* **♦*♦•*♦♦♦♦• 

DO 100 NA=NS,NJ 
N a 0 

DO SC J-?,23,3 
N * N ♦ 1 
CRVXINI * J 
ACINI * £PLJECJ,NAI 
50 CONTINUE 

DO ICO N8 =1,24 

XB = NB 

SPLJE(N6,NA| = 7BLUIIXB, CRVX, AC, 1, N) 

100 CONTINUE 
RETURN 
END 
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SUBROUTTNF JETHFV I VJ JE Te V« JE T> 

- ZDM91A 77 . - KT 

REAL AC(25). CRVX(25) 

COWHCJN f AREAl / SPL24I 24,70, 21 , SPLREF «24 ,70 , I » 

COMMON /AREA3/ FRE024{24), FL0G24I24>, FRE08C8>f F L0G8 ( 8 ) , BWN( 24) 
COMMON / AREA4 t MF 130) ,HNMO I »E NGI NE ,NI , N J , NK, NI I ,CRV( 400 ) ♦ MKT 
COMMON /GEOMl/ Hf3,4), VC3,4), HREL<3,4), TEMP(3»4I, X|3,4) 

I ,YC3,4), PI, GAMM«2), ALPHI2), SC70,2), WC70,2), CI2) 

COMMON / GE0M2 / THETA ( 70 ,3 ,U , ALPHA 170 ,3 , 1 ) , DIRSL ( 70, 3 ♦ 1 ) , 

I DISTSU7C,3,1),AAC(25,2,4) 
common / HFVJE / SPLFA(24,70,2) ,SPLJEI24,70) ,OASP|70,2» 

1 ,SPLTU«24,70) 

DIMENSION OE 08117) ,THEI17) 

DATA DE 08/-4*, -3,52288, -3. ,-2.52288, -2, ,-1.52288, -.39794, 

1 -.22185, ,47712, -.22185, -.39794, -1.52288, -2.0, -2.52288 

2 ,-3., -3.52286, -4./ 

3 , THE/10., 20., 30., 40., 50., 60., 70., 80. , 90. . 100., 

4 lie., 120., 130., 140., 15C. , 160., 170./ 

DO 200 NA=NI,NJ 

200 IF (DIRSUNA,!, ll.GE.eS.AND.OIRSLCNA,!,! ),LE.92. f NJ90*NA 
K*1 
L = 2 

DO 205 NA=NI,NJ 

DDD8 = 10.0 (TBLUUDIRSLINA,! ,1) ,THE ,0ED8 ,1 ,17)): 

IF INA.LE.NJ90) GO TO 210 
K = 2 
L = l 

210 00 205 NB*1,NK 

IF (MF(25) .EQ. II GO TO 203 

IF ( SPLJEf N8,NA )#GE.SPL24{NB,NA,1I I SPL24 1 NB, NA, 1 )=SPL4FINB,NA) + .5 
SPL24< NB,NA, 1 ) » 10.* ALOG 1 0 1 1 0. ♦♦ ( SPL24I NB ,NA,l I /lO. ) 

1 -10. **CSPLJE(NB,NA )/10.) 

2 -10.**(SPLTUCNB,NA )/lO.)) 

203 SPLFA(N0fNA,K|=SPL24INR,NA,U-ODOB 

205 SPLFA<N0,NA,L)*IO.*ALOG1O<IO.**ISPL24INB,NA,1)/1O.I 
1 -lO.*4(SPLFAIN0,NA,K)/lO.n 

00 15C N»l,2 

00 310 J=NI,NJ 

CO WRITE (6,5577) J, N, ( SPLFA U ♦ J , M ,1 =1 ,24 ) 

310 OASP (J,N»= OAFUNCI SPLFAI 1, J,N) ) 

C5577 FORMAT l»0$JET$»/ (5X,7G15.5)I 
C FIND THE MAX OF OASP 

OAPM=0. 

on 320 J=NI,NJ 

320 IF IOASPIJ,N).GT.OAPM| OAPM=OASPIJ,M 
no 330 J»NI,NJ 

c - - - NASA-LEWIS CHANGE 1-11-71 - - - - 

CN330 OASP tJ,NI=OASP iJ,N)/OAPM 
330 OASP IJ,N)»l.O 

C > - — _ - - TOHERE 

350 CONTINUE 
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DO 390 Na=NI,NJ 

DO 39C NB « l»2<» 

390 SPLje<NB«NA» » SPtJE(N8«NAI - SPLREF <NB* NA ♦ U 
IF IMF! 171 «FQ«1 i RETURN 
IF( VHJET.EQ.O. I VMJET = V JJE T ♦ VI2,1> 

VRATIO » IVHJET - V(2,l)l / VJJET 
OELSPL = 8C. ♦ ALOGIOI VRATim 
00 410 NA«NI*NJ 

00 4C5 NB « 1«24 
AC(NRI = SPLJEiNB,NAI ♦ OEtSPL 

405 CRVXINBI « ALOGIOI FRE024I NB I •(VRATIO) I 
DO AlO NB»1,24 

410 SPIJE(NB,NA) s TBLUKFL0C24INB) ♦CRVX,AC « I# 24) 
RETURN 
END 



SUBROUTINE L08ESE 


ZDM9U 21 - JT 
COMMON t AREAl / SPL2A ( 24, 70, 2 » , SPLREF I2A , 70, H 

COMMON / AREA4 / ME f 30 1 ,MN< 1 0 ) , E NG I N£ ,NI,NJ,NK,NII ,CRV(400 1 ,MKT 
COMMON / HFVJE / SPLFA«24,70,2» ,SPLJE(24,70) ,0ASP(70,2) 

I ,SPLTU(24,70I 

COMMON / HFVJT / CA T| 4) , ATE Nl 24 ,4) , ATATM C24 ,4 » , ATENM( 4 ». 

0[MFNSI0N SPLATI2) 

DO Ifl N-1,A 
DO 18 NB=1,24 

18 ATATM(NB,N)=ATEN(NB,NI /CATtNI 
DO 56C N =1,2 
CO 560 N8=1,NK 

ATATM(NB,NI = ATATmNB,N» ♦ ATA T M ( NB ,N+2 ) 

560 CONTINUE 

no 320 NA=Nt,NJ 
DO 320 NB=1,NK 
on 17 N = l,2 

17 SPLAT( N|=SPUFA(NB,NA ,N) - OASP ( NA , N> ♦ AT ATMI NB, N ) 

320 SPL?AlNB,NA,U = l0,*AU0G10a0.**{SPLAT( l)«.l I 

1 +10***( SPLAT! 2)*,1 ) 

2 ♦10,**(SPLJE(NB,NA) 1 > 

2 «-10#** ( SPLTU(NB,NA) *. 1 I ) 

RETURN 

END 
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FUNCTION FMTQNFISfJZ, NTCBI 


Z0M914 08 - 08 

OIMENSICN SPt(25) »S(25) ,SPLPI25l ♦SPI25 I tSRAR|25) ,SPLPP( 25),FC(25» 

1 ♦spzm 

EQUIVALENCE CSP,S,SPLPPl * (SPLP» SRAP^FC) 

DO no K = 1,2A 
SRL (KJ*SPZ(K) 

IF (SPIIKI ,LT. 0,0) SPLIKI = 0.0 
no SPLPI K I =SPL IKI 
SI 31=0. 

DO ICO K^A,2A 
100 S( K >=SPL(KI-SPLIK-n 

DO 150 K = 5f2A 

IFIABSI S(KI-S|K-ni.LE. 5. ) GO TO 150 
IFISIKI.GT.O.I GO TO 120 
IF( SIK-n.LE.O. J GO TO 150 
SPLP(K-n*(SPt(K-?» ♦SPLIKI) / 2 . 

TO 15C 

120 IF( S(K|,LE.S(K-in GO TO 150 
IFIK.GT.23) GO TO 130 
SPLP{K) = (SPL(K-l)*SPUK + ll ) /2. 

GO TO 15C 

130 SPLPI 2A ) = SPL(23 )*S( 23) 

150 CONTINUE 

no 160 K=A,24 

160 SPC K ) = SPLP(K)-SPLP{K-1I 
SP| 3I=SPI^) 

SP|25)-SP(2A) 

CO 17C K=3,23 

170 SBAR(K) =<SP|KnSP<K+l) + SP(K*2n /3. 

SPLPPI 3 ) = SPtl 3) 

DO IBO K=f,?A 

IRQ SPLPPI K ) = SPLPPiK-n ♦S8Att(K-l) 

FM=-ICCC. 

NTC8 = C 
CO 250 K=3,2A 
F=SPLIK )-SPL®P|K» 

IFI F.LT.3. I GO TO 220 
IFIK.LT.n.OR.K.GT.211 GO TO 210 
FCI K ) = AMINl(F/3.,20./3. I 
GO TO 22C 

210 FCIK l = Af^lNl(F/6.,20./6. I 
GO TO 23C 
220 FCIK)=O.C 

230 IF (FC(K) .LT. FM| GO TO 250 

FN = FCIK) 

NTCR = K 
250 CONTINUE 
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FMT0N£=FM 

RETURN 

£ND 
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c 


ZDM914 04 - 3T 


SURPnUTINE ATaSCtN0,TEMP,HRFL,AAC) «/ 

ZDM914 Oh 

OIMFf^S ICN AAC« 1 } ,PFRFCJC 3),CFREQ(a»»TFREQl?5>»FRF0(4U»Xl(25l. 

YH25I,X2(19) ,Y2(19),X3C2) .Y3(2,ll) .23(1U,X4J2), 

Y4S2,UI»Z4Un 

EQUIVALENCE I FR EQ < 1 1 1 PP RE 0 < V) ) ♦ ( FRE G <9 1 ,CF RE OU M . 

i FREQ( 17» .TFRECn ) , XI ( 1 » ) , I 73 ( I ) » Z4 ( 1 U 


j FRtQl I J t «tU » l J » ♦ l r«c w I tvc 1 1 r « 
i FREQ( 17» .TFRECn ) , XI ( 1 » ) , I 73 ( I ) » Z4 ( 1 U 
I, 799341 *2. 09691, 2, 39 794, 2. 69897, 3. ,3.30103 
3-773786/ 


, 3 • 60 206, 


DATA PFREO/K 
1 3.773786/ 

DATA CFREO / 1. 724276,2. 025306 , 2. 32633 6 ,2. 62 83 89 ,2. 929419 , 3.230449 , 
I 3.531479,3.702431/ 


DATA Yl/. 

1 : 

1 

DATA Y2/C.».69,.9,.96,l.,l. ,. 95,. 865 „ 75 ,.57, .45, .37, .31, .27, .24, 

I .225, .21,. 2,. 2/ 

DATA X3/-. 522879, .954243/ 

DATA Y 3 /.0086, 1.498 311,. 079 181, 1.5563 03, .136 721, 1.6180 48, .198657, 

1 1.6 7 209 8,. 2479 73,1. 7242 76 ,. 2 922 56 ♦ 1 . 7708 52 , .342423, 

2 !• 81 29 13 ,.3 8021 1,1. 869? 32 ,. 431 364 , 1» 9084 85 , .477 12 1 , 

3 1.954243,. 525045,1. 995635/ 

DATA Z 3/C. ,10. , 20. ,30. , 40. , 50. , 6 0. »7C. ,80. ,9 0. , 100. / 
data X4/1..2./ 

DATA Y4/~. 9586 07,, 021 189, -.74472 7, .2 30449,-. 545 1 55 , .43 I 364, 

1 34676 7,, 63346 8,-. 1 80454,. 806 1 8 0 1 7729 „ 963 788,, 1 13943, 

? 1.10721, .25 52 73 ,1,255273 ,.406540 ,1 , 389166 5 31 479 , 

3 1.510514, ,662758, 1.643453/ 

tF< HRF.L .LT.IO. I HRFL^IO. 

IFC EREL.GT, 100. J HREL*100. 

HAR5 = 10.+*T3LU2(ALOG10IHREL> , TEMP, X4 ,/4 , Y4 ,1 ,1,2,11 t2,ll) 

1=16 


HAR5 
1=16 
NF = 25 

400 rn 500 j=i,nf 


K=I+J 

ALPC=1C,**I 2,0e*FREQ(KI-7.57R) 

HMnLMX = TPLUl(F«EO(K|,Xl ,Yl,l ,25) 

AL P'^ AX= 1 C. ♦♦TBLD2( FREQ (K 1-3. , TEMP, X3 ,Z3 ♦ Y3 , 1 » 1 » 2 , 1 1 , 2 , 1 1) 

ARG=FABS/HM0LMX 

AMAMM = TBLUUARG,X2, Y2,l ,19) 

ALPMOL=AMAMM*ALPMAX 
500 AACI J ) = ALPC+ALP«OL 
RETURN 
END 
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c^ tn ^ 


SUBROUTINE EGAHIHST,FREO,BETA,N,ATT» 

C Z0M915 09 - 8T 

OINIENSICN EREOIN) ,ATTINI,AKI7I ,ATC63» ,FR(7> ,R(9) 


DATA 



AK / 2*7f 2*27, 

2. 19, 

1.93, 

1.63, 2.11, 2.11/ 

DATA 



AT/ 




1 .5 

f 1 • 

*1. 

• 1 1 # 5 f 2 * 

,4. 

,4.5 

,5. , 

2 1. 

tU5 

t 2 . 

f 2 « f2m3 » 3« 

♦ 6* 

,7. 

,7. , 

3 !• 

* 1*5 

f 2 « 

f2«5 t3« f 

,7.5 

,9. 

,9. , 

A 1 * 

»1.5 

* 2 . 

« 3« « 4# f 5* 

, 10 . 

,11. 

,11. , 

5 !• 

tU5 

« 2 « 

♦ 3* 5 1 5# « b^ 

,11. 

,13. 

,14. , 

6 1 • 

« 2* 

»3* 

1 4# 5 1 6 # 9 7» 

,13. 

,15. 

,15. , 

7 1. 

, 2 , 

♦ 3. 

9 4* 5 96 # ♦ 7« 

,13. 

,15. 

,15. / 

DATA 



FR /53^9 106^9 

212 ., 

425. , 

B50., 1700., 3400./ 

DATA 


R 

/lOO* ,200. ,400, ,600 

• fBOO» 

,1000. ,2000. ,3000., 


1 40C0./ 

DATA P I/3.1A159265/ 

DATA P I99O2/l.«;508836/ 

BETA1=8ETA / 18C,*PI 

IF (8FTAI ,LT; O.OI BETAl » 0.0 
IF I8ETA1 .GT, PI9902J BETAl » P199C2 
10 DO 20 I*l,N 

X = TBLU2fOIST,FREQm,R»FR,AT,l tl .9,7,9,7» 
A = TBLUUFREOI n*FR,AK.l,7l 
ATT{ n = X*EXP(-A*SQRTITAM(BETAU I I 

20 CONTINUE 
RETURN 
END 
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FUNCTION OAFUNCCSPLI 
C 

niMENSICN SPLt 24> 

OftCAL =C. 

DO 9C1 K=l,24 

901 OACAL=nACAL + lO**»tSPl (Kl/lC. ) 

oafunc=ic.*alogio(oa:al » 

RETURN 

END 


ZDM914 10 - BT 
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BLOCK DATA 

C ZDM914 13 - at 

COMMON / AREAl / SPL24I 2A, 70t 21 ♦ SPLR6F (24 t70 , I ) 
CGMM0N/ARFA2/TI7LE(40) 

COMMON / AREA3 / FREQ24 ( 24) *F L0G24 ( 24) » FRE Q8 ( 8 ) » FUOGB( fl 1 ♦ BWN( 24) 
COMMON / AREA4 / MF (30) ,MN(1 0 ) ♦ E NGI NE ,Nf , NJ t NK» N II »CRV ( 400 ) ♦ MKT 
C0MMON/AREA5/PNL24I 70 1 » XN0V24 (24) ♦EPNLI8) #P6AKPN(4) t 
1 OASPL(70»l) ,TCPNL{70«1» ♦XNOYMX(70)t MTC0(7O) 

CGMM0N/AREA6/THRUST(4),THRUSI (6) ,OVHTI M(4 ) , T I M( 70 ) ,TI M2I70 , 3, I ) 
common /GEOM l/H( 3, 4) ,V ( 3 ,4 ) »HREL( 3 ,4) ,TE MP ( 3 ,4 I , X (3 , 4) , V ( 3#4 ) » PI 
1 ♦GAMM(2) ,ALPH(2I tS(70,2) »W(70t2) ,C(2) 

COMMON /GE0M2/THETA( 14) * THE TA2 ( 196) , ALPHA (2 10) ,DIRSL(210), 

I DISTSL(21C),AAC(2COI 

CQMMGN/CCNNOY/ABPSI 24) ,BBPS(24) «AL0(24) »BL0(24) .AM(24) ♦8MI24) 
COMMON /HFVJE/ SPLFA ( 24, 70 ,2 I , SPLJE ( 24 ,70 I t GASP(70,2) 

1 , SPLTU( 24,70) 

DATA PI / 3, 1415926536 / , SPLTU/1680*0*0 / 

7 ,AAC/ 20040.0/, TITLE/4040./ 

4 .PEAKPN/440.0/ 

5 ,EPNL /84C.0/ 

6 ,TIM /7C4C.0/ 

8 ,rCPNL /704C.0/ 

DATA THETA / 30. , 40. , 50. , 60. ,70. ,8 0. , 9 0. , 1 00 .,110. ,120., 130., 140. , 

I 150., 160. / 

DATA BWN /I. 0,2. 0,3. 0,4. 0,5. 0,6. 0,7. 0,8.0,9.0,10.0,11.0,12.0, 

1 13.0, 14.0,15.0,16.0,17.0,18. 0,1 9.0,20.0,21.0,22.0,23.0,24.0/ 

DATA FRE024 

1 / 50., 63., 80., 10 0. , 125., 160., 200., 250., 315., 400., 

2 500., 63C., 8C0., 1000. ,1250. ,1600. ,2000. ,2500. ,3150. ,4000., 

3 5000., 6300. ,80CO.,10000. / 

DATA A6P5/ 


1 

64. 

, 60. 

,56. 

♦ 53. 

,51. 

,48. 

,46. 

,44. 

,42. 

,40. 

2 

40. 

,40. 

,40. 

♦ 40. 

,38. 

,34. 

,32. 

,30. 

,29. 

,29. 

3 

3C. 

,31. 

,37. 

,41. 

/ 






DATA 

B8PS/ 










1 

91. 

,85.9 

♦ 8 7. 3 

,79.9 

,79.8 

, 76. 

,74. 

,74.9 

,94.6 

,1000 

2 

1000. 

,1000. 

,1000. 

,1000. 

,1000. 

,1000. 

,1000. 

, 1000. 

, 1000. 

,1000 

3 

loco. 

,100C. 

,44.3 

,50.7 

/ 






DATA 

ALO / 










1 

64. 

, 60. 

,56. 

,53. 

,51. 

,4B. 

,46. 

,44. 

, 42. 

,40. 

2 

40. 

,40. 

,40. 

.40. 

,38. 

,34. 

,32. 

♦ 30. 

,29. 

,29. 

3 

30. 

,31. 

,37. 

,41. 

/ 






DATA 

BLO / 










1 

52. 

,51. 

,49. 

,47. 

,46. 

,45. 

,43. 

,42. 

,41. 

,40. 

2 

40. 

,40. 

,40. 

,40. 

,3 8. 

,34. 

,32. 

,30. 

,29. 

,29. 

3 

30. 

,31. 

,34. 

f 3 7* 

/ 







data am / 


1 

.043A78 

,.C4057 

,.036831 

036831 

,.035336 

f 

2 

.033233 

,.C33333 

,.032051 

,« 0306 75 

,.030 103 

f 

3 

.G3C1C3 

,.C301C3 

,.030103 

,.030103 

,.030103 

f 

4 

.02996 

,.C2996 

,. 02 9 9 6 

,.02996 

,.02996 

9 
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5 .C2S96 ,.C2<>96 ♦.04?285 ,.042235/ 

DATA 3M/15*.030103,<J*. 02936/ 

FND 
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FUMCTinN TBLUH XX,X,Y,MOX,NLXl 
C 

DIMENSION XIUtVIU 
NO X = MCX-l 

CALL SEARCHIX, XX,ND X,NLX,I ,DELTA 1,A 1) 
T3LU1 »|Vm ♦ mi+ll-YU) J^OELTA I /A 1 
RETURN 
END 


ZDM914 14-14 
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FUNCTION TRLU2I XX,YY» X, Y,F2 fMDXtMOV,MX,NLY»NFX,NFY ) 

OI^IENSICN F2INFX.NFYJ ,X(l),Ym 
NO X = MCX-1 
NO Y * MCY-l 

CALL SEARCHIX,XX.NO X ,NLX ♦ I ,OELT A !♦& U 
CAll SFARCFI Y, YY*NO Y,NLYfJ ♦DELTA 2, A 2) 
nFxl = (F2( I*l» J»-F2IIf Jl )*DELTA 1/Al 
DFX? = IF2I I + 1,J<HI-F2(I, J-Hn*OELTA l/Al 

T8LU2 = F2llfJ) ♦ DFXl + ( F 2 ( I , J+1) -F2 ( I ♦ J MOFX2-OF XU *OELT A 2/A 2 

RETURN 

END 



SUBROUTINE SEARCH<X,XX*NOX,NLX, I »DELTA,A| 


dimension xm 

1 NO X = NO X ♦ I 

IFCXX.LT.XINO xn GO TO 5 
lEINO X*GE#NtXIGO TO 5 


GO TO 1 

5 DELTA = XX - XI NO XI 
I = NO X 

IE I NO X*NE*1) go to 10 
A = XINO X ♦ II - X(NO X) 
RETURN 

10 IF( XX.LT.XiNLXn GO TO 20 
DELTA = XX - XINO X-1 I 
A = XINOX) ♦ XINO X-ll 
I = NO X - I 
RETURN 

20 DELTA = XX - XINO X - 1 1 
A = XINO XI - XINO X-ll 
I = INO X-ll 
RETURN 
END 
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ooonrioo o nr> onono 


SUBROUTINE BOUNDY f OBTEST, X, Y, ♦, ♦» 

ZDM914 30 - 30 

THIS SUBROUTINE CONTAINS LOGIC TO GENERATE »EOOTPRINTS* - 
LINES OF EQUAL PRESSURE* EAGLEMAN NOV. 1970 

LOGICAL FIRST 

INTEGER *A OLD ,FlPF0P/03/ 

REAL *A DBHISTIZI, DUPYI2I 

COMMON /FOOTPT/ ICV, CURVXIIOOI, CUPVYIXOOI, IPT, P01NTXI250) 

1 ,P0 INTYI 2501, OBNL, DELX, DELY, FIRST 

« # ♦ * ♦ ♦♦ * * 
IF (.NOT. FIRSTI GO TC 1005 

INITAL I2ATI0N ~ _ - - , . 

FIRST = .FALSE. 

NEW = 1 
OLD = 2 
ICV = 0 

nBHTSnOLDI = DBNL 

GG TO 1010 

1005 NEW = FIPFOP - NEW 
OLD * FIPFOP “ CLO 
1010 CBHISTINEWI * OBTEST 

CALL BOUND ( OBHISTI NEWl , DBHIST(OLO), DBNL, Y, DELY, *2000) 
BOUNDED - - 

♦♦ STORE INTERPOLATED POINTS 

ICV * ICV ♦ I 

OUMYIOLDJ * ALOGIOI POlNTYUPT-n I 

DUNVtNEWl = ALOGIOI POINTYd PTH 

CURVYCICVI » TBiLUHDBNL, OBHIST, DUMY, I, 2) 

CURVY! ICV) * 10.0**ICURVY(ICVI) 

CURVXI ICV) = X 
X - DELX 

IF (CBHISTINEW) .GT. OBHIST(OLO)) GO TC 2010 

CBHTST(NEW) * OBHISTIOLOl 
Y = Y - CELY 

GO TO 3005 

NCT BOUNDED 
2000 CONTINUE 

5577 FORMAT (*0$SB$$ », 9G15.7I 

WRITE (6,5577) D8HI ST, NEW, OLD, CURVY(ICV), CURVXCiCVl, X, Y 
RETURN 1 

** IF X OR Y IS ROUNDED, COME HERE 

*♦ DECREMENT Y, AND INCREMENT OR CALCULATE A NEW X 

2005 Y = y - DELY 
X = X 

2010 CRH I ST (NEWl = -l.O 
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c 

3005 CONTtMUE 

WR ITE, <6»5577| OBHIST, NEW, OLD, CURVYdCVI 
RETURN 2 
C 
C 

ENTRY 8CUN0XC0BTEST, X, Y, ♦, ♦) 

C 

IF (OBHISTINEW) .GT. 0,0» 

OBHISTINEWI = OBTEST 
X — X CELX 

IF (CBTEST •GT, OBND X * X ♦ 2,0*DELX 

400 5 NEW - FIPFOP - NEW 
OtO = FIPFOP - OLD 
OBHISTINEW) = OBTEST 

CALL BOUND lOBHTSTIOLDI * OBHISTINEWI, DBNL, X, 
C*** BOUNDED 

C** STORE INTERPOLATED POINTS 

ICV = ICV 4 1 

OUMYIQLD) * ALOGIOI POINTXII PT-in 
DIJHYINEWI = ALOGlOIPOlNTXn PT») 

CURVXI ICVI = TB4.U1(0RNL, OBHIST, OONV, I, 2» 

cuRvxi ICV) * io,o*picuRvxncvn 

CURVY! ICV) » Y 
END 


CURVXHCV). X, Y 


GC TO 4005 


GO TO 3005 


DELX, 420001 


GO TO 2005 
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c 

c 


c** 


1005 

c** 

150 5 
C** 
200 5 

C** 


SUBROUTINE BOUND (OBHISl, DBHIS2» DBNL, 

* ♦ ♦ ♦ ♦ ♦ 

IF (DBHtSl «LT. OBNU 
IF (DBHIS2 .LT. OBNU 

INCREMENT Y TO DECREASE OBHIST 

Y = Y + OELY 

IF I DBFIS2 *GT* DBNL ) 

CECREMENT Y TO INCREASE DBHIST 

Y = Y - OELY 
RETURN 1 

NOT BOUNDED 

RETURN 

BOUNDED 

END 


Y, OELY, *I 

Z0M914 30 - 30 
0 ^ « 

GO TO 1005 
GO TO 2005 


GO TO 1505 
GO TO 2005 
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SUBROUTINE PLOTFP IX, V, NPTS, FIRST, U, V, NPTS2I 
C ZDM914 31 - 31 

C 

€♦♦ SUBROUTINE TO PLOT FOOT PRINT 

LOGICAL ♦A FIRST 

INTEGER PA MXPTS/1000/, XLABELCll/* '/tSIIXL/O/ .CYCLE 

1 ,YLABEL(ll/» * /, SIZYL/00/ 

2 ,TITLE(AJ/»EPNL TEST DATA •/, SIZTIL/IA/ ,TVPE/*REC»/ 

3 tSYMR 

REAL *A X(U , Y(l>, UIU, ZEPD/0,0/ ,V(U 

- ** * ♦♦♦♦♦ ♦♦ « 
IF (,NOT, FIRST! GO TO 1000 

CYCLE » 1 
C 

INITALIZF FOR PLOTTING 

CALI PLCTIN I 10*, 10,, 12*, 0*, 90*, -12.0, 0. 0*0 

1 ,TYPE, CYCLEI 
C 

C5577 FORMAT ( »CP** •, 7G15* 5/1 5X,7G1 5. 5) > 

CC WRITE 16,55771 (XIJ), YIJ) , J*1 ,NPTS) , NPTS 

C 

C** PLOT POINTS 

C 

c - - ROTATE PLOT -90 DEG. TO ORIENT WITH PAPER 

1000 XSF * -2C00.0 
YSF = ICCCC*0 
XSP = C.C 
YSP = 0*C 
LINPT = - 1 
SVMB * 3 

CALL PLOTSC (V. X, NPTS, XLABEL, YLABEL, TITLE, StZXL, SI7YL 
1 ,STZTIL, YSP , YSF , XSP , XSF , LINPT, S'YMBI 

first = .FALSE* 

C - - - PLOT INTERPOLATED CURVE - - - - 

LINPT = C 
SYH6 = G 

1050 CALI PLGTCV (V, U, NPTS2,YSP * YSF , XSP , XSF , LINPT, SYMBJ 
C GO TC 9990 

C9000 WRITE I6,9C05! MXPTS ,MXPTS 

C9005 FORMAT ( 'O*** THE MAXIMUM NO. OF POINTS ALLOWED BY DIMENSIONING 
C 1 I», 15, M HAS BEEN EXCEEDED. THE FIRST*, 15,* POINTS WILL BE* 

C 2 ,* PLOTTED.*! 

C GO TO 1015 

9990 CONTINUE 

C CALI PLOT I ZERO, ZERO, 999) 

RFTURN 

END 
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APPENDIX 4 

PHI PROGRAM DESCRIPTION 


PRECEDING PAGE BLANK NOT PHME0 
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PHI PROGRAM 


This computer program evaluates the relative effectiveness of the inlet and fan duct lining and the 
fundamental and harmonic attenuation. 

The main program accepts the punched output from the Aircraft Noise Time History Prediction 
Program (EPNL program). 

Program Input 

1. Title card columns 11-72) 

2. K1, K10 (215) 

K1 indicates the number of attenuations used with values as indicated by DATA 
statement ATENM2. If K1 = 4, then the data statement is rearranged by replacing 
ATENM2(4) = ATENM2(5). 

K10 = 0 at all times. 

3. L0N1, LON2, LON3, LON4, MTH, NST, NIN, IPHI (815) 

LON1 = 1 Write input 

LON2 = 1 Write revised input 

LON3 = 1 Plot attenuation 

LON4 = Plot phi study 

IPHI = 1 Long printout for design information 

= 0 Short printout for documentation 

NST = Start of phi calculation (integer between initial and final 
peak attenuation value) 

NTH = Final value of NST 

NIN = Increment to be used in going from NST to NTH 

4. C1,C2,C3, C4, C5(5F10.1) 

Constants used in the elevation of the phi function. 

5. ATT2 (40X, F6.0) 

The change in EPN L as effected by the attenuation. 

PfiECEDINQ PAGE BLANK NOT HLMEO 
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6. CORREC (F10.2) 


The difference between the first EPNL calculated and the reference EPNL value. 

The program is set up to accept inputs for attenuations of 0, 5, 10, 20, and 30 dB (ATENM2). The 
revised input (ATENM1) can be changed to allow a detailed description of the attenuation, for 
instance 0., 2.5, 5, 7.5, 10 dB. 
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APPENDIX 5 

PHI PROGRAM FLOW CHART 
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1 

r 

preceding page 





PRBCRftH Ifl EVftLUftlE IHt RCLRUVE EPFECTIVHESS BF iHEI fiHD 
FANDUCl UNINC HAICRJALS 

REFERENCE D9CUREN1 D1-66SB 

LBHV-l MRne JRPU1 

im*\ HAllE REVISED iNPU1 

Pin An£««1i0NS 
Pin PHJ SlUCT 

JPHl - fl SH«n PRin nn FW 

3P«i * I L6HC PRiin «U1 IB GH DESJCN FRCIBRS 


X 



[~HCu * fntm tsi I 




W 125 j 3 - l 7 tsi 1 

- 1 ' . : 

( 2 S rrARUji-fl, I 

— — 


NERRBR « D 

- c 

I 


< BEAD f 5 > 3 gt .£ WB * 5 gg ? miE ~> 




< NRHE IB.U > 


y — * V 

X BCRDiS.tffI Ct.C2.C1,CM.C5 X 

< READ IS.IDfll > 

X RERo is.sgz) mm / 



E 

BB 30 

■“T 


SD flna IHl * A112 INI » CBRREC 1 



{ C 00 BC * l 7 l J 


I " \ 

CQEPRL « CDEFIIINn 

R 3 *B 
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05 n™ 0R 4* NEHfl0R ♦ \ 
OLDPKUNeRRSni ^ SRVEI 
KPHUK3) • SRVE2* .OD) 
ND4P^fNEnR0m ^ D£PNLfH3) 
Mftscri mEftflwi » NPis 
Q{}fmnnm » RitfiMUfiRn 
CUFF iHCfWBR] • l\l€m m2) \ 
CHJHiNFRBimi s | 

cnFH (N£RR9m » AlEBMl IKRm 
NTYP£ (NEflBffB) • TYPE 



1 

J 
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\ suw0Ufj»<E mm 
p toiwnEWHi m\) I 


<C nPHJ,EU.ll 


mil CDEPHL^AIEKHI INRMl . lAlENHl (IHV1 JHV«1»5I 



147 






148 




149 







\ mnm iBLUiixK,x.t,«oir.«Li<r7 

r _ 

^ SWRcii W»XK.KB X.irUJ.Daift l,ft II ! 
TBLUl « tm (tlJMl-TIJlUDEUfl l/« J 
9 inm 


\F[}nam fiLus ixx.n,x,t>F2.)mx«Hirr,HLx,HL t,MF x,«Fir 


wr X - HW-i n 

Nff t - «BY-l I 

WLL atWCHlX.XX.M X.HLXJ.OaiR n 
CftLL SEftRCHlY.Tt.Nff T.flLY. J. DtLTR 2,fl 21 
Bfxi - rr2ij*i,ji-F2f},jn«&ELifl \/h\ 

m2 = if2ij+i,jtn-F2u.jfm«aELifl i/fli i 

TlLUa F2IJ.J1 ♦ orxi ♦ JF2 (J*J»ll-F2 (/,JI*UFK-ffFXlUn£Llfl 2/fl 2[ 

RE1UR« 1 


\ fUHCljflh iBLumxx^YtTii^MH.x ,t . I M, V ,Hflx , Not » 
\l RLX.«Lt,f<LI.HW.WFX.HFr.RF2.WFHI 


N9 X « HOX - I 

W Y B Hirr ‘ I 

W Z - Ma2 ' I 
H • HW - I 

CALL SEARCH IX, XX. HP X . RLX , J . OELIfl Ufl 11 
mu SEARCH IT JY. my Y,NLY,J. DELIA 2, A 21 
CAtt SEARCH II, Et.KD l,KU.«,0aiA 3,R 11 
CALI SEARCHIW,MH.SS H.FLN.L.OaiA U.R Ml 
DAI - Daift >/A \ 

DA2 « DELIA 2/A 2 
DA3 B OaiA 3/A 3 
DAU B OaiA M/A M 

FPXl B TPnOAl.iMJ.J ,H .1 l.VliM.J ,M ,L 11 
HPX2 B VPXIDAl.VllJtUH ,L ) .VIM.J^l.ll X 11 
HPX3 • VPX (DAl.Vll.J ,HM,L I ,V lltl.J .H+MH 
HPXM = VPX IflAl.V fJ,Jti,KM,L 1 ,V IJti . Jn .H+l ,L H 
HPX5 B VPX U.J ,K ,L*n.VJi+\.J ,H ,LM11 
HPX8 B VPX IDAlpVn.JM.K ,L*-n .V IJtlJ*! .« .LMl I 
VPXl B VPX IDAl.V II,J .flH.L^n ,V rjtl.j 
VPXB B VPKKWl.Vll.J^i^K^l.Lftl ,V lUl , Jfl.HH,L<‘tU 
VPXYl B VPX IDA2.VPX1.VPX2) 

VPXY2 » VPX IDA2,VPX3,VPXM1 
VPXY3 B VPX IDA2,VPX5.VPXB1 
VPKYM B VPXIDA2,VPXl.VPXfl) 

VPXTHl B VPX lW3.VPXt\.VpKT21 
VPXYM2 B VPX IDA3.VPXY1.VPXYM1 
TBLUU B VPX IOAM.VPXTMl,VPXYH2) 
flEYURN 


V njHCYJ ff A vpxTa ^b'ci 7 
r vpiT B ft ♦ Aric-fti"! 

i AE1URA I 
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APPENDIX 6 
PHI PROGRAM LISTING 
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ornonnoooooooooo 


PROGRAM TO EVALUATE THE RELATIVE EF FECT IVK'E S S OF INLET AND 
FANDUCT LINING MATERIALS 


REFFRENCE DOCUMENT 03-8686 


L0N1=1 
I ON 2= I 
LON 3= I 
LONA=l 
IPHI = C 
IPHI = I 


WRITE INPUT 
WRITE REVISED INPUT 
PLOT ATTENUATIONS 
PLOT PHI STUDY 

SHORT PRINT OUT FOR DOCUMENTATION 
LONG PRINT OUT TO GET DESIGN FACTORS 


YI25) » 

OEPNLI625) 


U25\ 


REAL NEWPNL 

DIMENSION XI25U 

DIMENSION ATT(625I» 

OIMFNSICN DEPNL2I5»5) 

DIMENSION TIXl(5»f TIX2I6I 

DIMENSION ATENM2I5I, ATT2I625I, TF ARR (5 , 5 , 5 , 5 1 

COMMON / COMMl / 0L0PNLI625I, NEWPNL(6?5»t NR5CK ( 62 5 > , NTYPE I 625 ) 
1 fCKIF(625)t CKFFI625J, CKIH(6?5», CNFH(62S) 

COMMON / C0MM2 / K 1 ,K2 * K3 ,K A , NR 1 ,NR2 ,NP3 ,NR4 , NR5 , NERROR , K 10 , K 1 A 
COMMON / CQMM3 / I F LAG t I PHI ♦ NTH , NF I ♦ NST . N I N t N2 A, N?R 
COMMON/COMMA/OPNH5 »,XINLET(150) ♦YFANI150I 
COMMON /COMM 5/ C I *C 2 ,C 3 t C4 ,C 5 ,CDE PNL 


COMMON / C0MH6 
COMMON / C0MM7 
CIMENS ION 
DATA COEPN 
DATA ATENM2 
DATA ATENMl 
EQUIVALENCE 
DATA 

DATA TIXl 
DATA TIX2 
COMMON 


ATENMU5I ,ABCI5» 

LONl*LON2,LON3,LON4,LON5»LON6,LGN7,LON8 

CDEPNI6I 

/IC. ,5*0, / 

/O. ,5. ,10. ,20. ,30. / 

/0.,5. ,10. ,20. ,30. / 

(ATTIl I ,DEPNL(1 n 


ABC/»A»,*B*,«C*,*D 


• ,»E*/ 


/ • I NLE * ♦ • T 
/•FAN *, 

/ RFOPLO 


AT* , • TENU* 


• ATIO* ♦• N 


• t* 


•DUCT*, • 


ATT* ,'ENUA» ,'TION* ,* 


•/ 

•/ 


/ HARMl ,HARMF,TI TLEI36I 


1 FORMAT! • 1* ) 

10 FORMAT! AF10.1,F10.21 

15 FORMAT I /lOX, • INLET* 15X ‘FANDUCT* 6 X*0-E PNL* /5X» FUND. • 5X* HARM. • 
1 SX'FUND. *5X*HARM. ' /I 


20 FORMAT 110 I 5 I 

?'l FORMAT! *1 DATA CORRECTIONS* /// 

1* TYPE = 1 INCREASED INLET FUND. ATT. GAVE DECREASED DELTA EPNL • / 
2* TYPE « 2 INCREASED FAN FUND. ATT. GAVE DECREASED DELTA EPNL*/ 

3//3X* NO. *3X* TYPE*3X*|NLET*3X*INLET*3X* FAN *3X' FAN *3X* OLD • 
A3X* NEW *3X* 0ATA*/l9X*FUN0.*3X*HARM.*3X*FUND.*3X*HARM.*3X*nFPNL* 


53X*DEPNL*3X* CARO*/l 

2 55 FORMAT! 3X, 13, 8X*I I, IX, A(3X,F5.2 ) ,2 ! 2 X ,F6 . 3 ) ,5 X , I 3 1 
300 FORMAT! ACX,F6. 01 


^RECEDING PAGE BLANK NOT MLME0 
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301 FORMAT? 

302 FORMAT? FlC.Ot 
XCU = ATEMMU 5) 

5 CONTIMUE 

no 125 n = U ISO 

125 YFAN( I I )*0. 

NERROR = 0 
KJR5 = C 

REAC ( 5,2Cl»END=5001 TITLE 
REAR I5,2C» Kl.KlC 

REAO (S,20I LCNl,LON2,LOK3,LONA»NTH,NST,NIN,IPHI 

NZ A = (NTH-N’5TJ /NIN + 1 

IF (KUFQ.5) GO TO 120 

ATENMU A I=ATENM1< 51 

AT ENM2( A > =ATENM2( 5) 

120 IF (KIO.EO.OI K10*K1 
NF I=K1 

K1 A=K 1*K1*K1*K1 
READt5,lCI C 1»C2»C3,CA,C5 
RFAn {5»200I IATT2(n »I=1,K14I 
REAO (5,302) CQRREC 
no 20 N = 1,K14 

30 ATT?(N) = ATT2IN) 4- COPREC 

IF (L0N1.E0*U CALL WRATE ( ATT2 ,ATFNM2 ) 

CALL INTRE ( A TT2 , ATT, TF ARR , ATEKMl , ATENM2 ) 

IF (L0N2.EQ.I) CALL WRATE (ATT ,ATENJM1) 

NC = 1 

DO 250 NC = 1,1 
I = 1 

COEPNL = CDEPN(NC) 

K3 =0 

DO 200 NR4 = 1,K10 
NPT1=0 

DO TOO NR3 = 1,K1C 
HARMF = ATENMUNRAI 
HARMl = ATENMUNR3I 
K2 -C 
NPT=C 

DO 90 NR? = l,Kl 

DO 90 NRl = l,Kl 

r\jPT=NP T4 1 

K2 = K2+1 

K3 = R341 

NR5 = NRS ♦ 1 

X(K2) = ATENMl (NRl) 

7{K7) = ATENMKNR2) 

IF(NC,GT.1 ) GO TO fi7 

CALL SFRROR ( DFPNL , ATENMl) 

87 CONTINUF 

Y(K2) - DEPNL(K3) 

OEPNL2( NR 1,NR2) =OEPNL(K3) 



c 


, 0 . »l5*tNPT tNPL »1 t2f 2f60. t30,,TIX U 


90 CONTINUE 

IF a0N3.EQ,0> CO TO 99 
NPL=NF I 

CALL VPLOTTX ♦0*f30,»Y 
WRtTE<6'»l5I 

WRIT£(6»10I (XI K4I ♦HARM! , 2( KAI ,HARHF ,YIK4I , K4=1»K2) 

99 CONTINUE 

no 95 N=NST,NTH,NIN 
npti=npti-u 

N1=NPT1 

XINLETINU = N 

98 DPNL(L) = TBLU 2 IXINLETtNn*ATENMUL> *ATENH1»ATENM1,0EPNL2 
1 ,1, IfKl ,K1 ♦SrS) 

YFANINl I = TBLUKCOEPNLfDPKL* ATENMl #I »K1 ) 

A = YFANINII 

IF( A.GE.XCU,OR*A«LT,ATENMU in YFANiNl) * lOOOOOO, 

95 CONTINUE 
ICO CONTINUE 
NPL1=NFI 
harm I * CDEPNL 

CALL*^VPLOT?YFAN,0.f 30., XINtFT,0* t30. ,NPT1 ,NPL1 «1 ♦ 2 1 2 *60. ♦ 30. *T 1X2 I 
CALL WROTE 


200 CONTINUE 
250 CONTINUE 

IF{ NERROR.60.0) GO TO 5 


WRITE 16,2511 

WR ITE^I6!255J^NUNTYPEINU .CKI FINU ,CKIH(NII ,CKFF{ Ml I ,CKFH( N1 ) , 
1 CILOPNUNII ,N6WPNLINl I ,NP5CK (N1 I 


275 CONTINUE 
GO TO 5 
5C0 CONTINUE 

WRITE(6,n 

STOP 

END 


161 



SUBPOUTINF SEPROR I OF PNL , A TENMl » 

REAL NEWPNL 

COMMON / COMMl / OLDPNL(625l« NFWPNH625). NR5CK t iS2 5 » » NTYPE ( 6?5 I 
1 »CKIF(625)» CKFF(625), CKTHt625)» CKFH(625) 

COMMON* / COHM2 / Kl,K2»K3,KAfNRl»NR?»NP3,N«4»NR5*NERftnR,K10,Kl^ 
COMMON f COMM7 / LONl ♦LON2»l.nN3 tLON^ »L0N5tL0N6,L0N7 tLONB 
ntMFNSION OFPNU 625) ,ATENMH5) 

rF(NR2,F0,n GO TO P4 

IF ( 0FPNL<K3 ).GT.DEPNL(K1-K1 ) ) GO TO 34 
SAVFl = DEPNLIK?) 

SAVF2 = DEPNLIKa-Kl) 

TYPE = 2 
GO TO F5 

84 [FINRUEQ, 1 ) GO TO 87 
IF(nEPNUK3I.GT.r)fPNLIK3-in GO TG 87 
SAVE! = OEPNLIK3) 

SAVF2 = OEPNL(K3-l) 

TYPE = I 

85 NFRPOR = NERROR 1 
nLOPNLINERRQR J * SAVE I 
OEPNUK2) = SAVE2+ *001 
NFWPNL ( NERROR ) = 0EPNL(K3) 

NR5CK( NERROR » = NR5 
CKIFINERROR) = ATENMUNRl) 

CKFFI NERROR) - ATENMUNR2I 
CKTHINERPOR) = ATENMKNR3) 

CKFH(NERROR) = ATENMKNR4) 

NTYPE(NERRDR) = TYPE 

IFl TYPE.FO.2. ) GO TO 84 
87 continue 
RETURN 
FND 
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SUBROUTlNf WROTE 

COHMGN / COMM2 / Kl ,K2 ♦ K3 »K4 , NR I »NR2 tNR3 *NR4 . NR5 ♦ NERflORt KIO , K14 
COMMON / COMM3 / IFLAGt IPHI »NTH tNF I »NST t NI Nf NZA» N2R 
CQHMON/COMMA/DPNL (5»,XI NLET<150I ,YFANI150) 

COMMON /COMM 5/ C 1*C 2 *C3» C4 ,C 5 tCDE PNt 
COMMON / COMM6 / AT6NM1 ! 5 ) t ABC ( 5 » 

COMMON / COMM7 / UONl , LQN2*LON3 t LONA , LONS, L0N6 1 LON7 * LONS 

1 FORMAT( • 1* J 

2 FORMAT C/I 

16 FORMAT ( //lOX'DELTA EPNL * »F5. 1 ,1 OX*F AN HARMONIC = *F5,l 

1 / 26X*A'10X' 6»9X« C*<JX« 0*9X* E'/ 

1 AXMNLET HARMONIC = • 5X,5 (FA, I ,7X1 / 

1 /10XMNLET»2X,5C8X»FAN» I / lOX • FUND, • 3X , 

2 5(6X*FUND,»»/I 

17 FORMAT! 9X,F 6,2, 3X,5C5X,F6,2» I 

22 FORMAT! 5X, F5, 2 , tX, 5 ! 3X,F 5,2 I , 12 X,A1 , 1 X ,F5, 2 » 5 !2X, F7, 21) 

23 FORMAT! 66X , A 1, I X,F 5,2 ,5 I 2 X,F7,2 1 1 

94 FORMAT! 5X»OELTA EPNL * »F A, 1 , 1 OX«F AN HARMONIC = »FA, 1/1 

96 FORMAT! 21X»A» 7X*8 'TX’C *7X*0 »7X*E »16X»FUNCTI0N PH I • /3X» t NLET HARMON 

lie 2X,5!FA,1.AX1,12X, •Cl * •F5,3,3X'C2 * •F5,3,3X 

3 *C3 = •F5,3,3X*CA = »F5,3/70X* EXPONENT C5 = »F5,3/5X' INLET* 5X, 

A 5! 5X*FAN* It 15X»INLET»2X* PHI «2X* PHI:! IF 1 * 2X» PHI ( IH) • 2X* PHI! FF 1 • 
5 2X'PHI!FH)*) 

97 F0RMAT(i 5X»FUND, *6X,5!3X, ‘FUND, •) tlAX*HARM, * I 
XCU=ATENM1(NFI I 

IF! IPHl,E0,ll GO TO 110 

MR IT E( 6, 161 CDEPNLfATENMKNRAl , ! ATENMl ! THV) , IHV*1 ,5 1 
DO 175 N-1,N2A 

175 WRITE(6,171 XINLE T! N1 , 4 YF ANC N1*NZA-N/A+N 1 , N1 = 1 ,NF I) 

110 IF! IPHI,F0,01 GO TO 200 , 

WRITE! 6,1) 

WRITE! 6, 9A) COE PNL, ATE NMl ( NRA 1 

WRITE ! t ,961(ATFNM1 ! IHVl , IHV=1,5) ,C1 ,C2 ,C3 »CA ,C5 
WRlTe!6,R71 
DO 37 5 N*1,NZA 
PHIl = C1*XINLET!N1**C5 
PHI4 = CA*ATENMI(NRA1**C5 
WRITE!6,2) 
no 37C N 1 = 1 ,NFI 
PHI2 = CZ^ATENMKNl )*♦C5 
NK*N 1*NZA-NZA+N 
PHI3 = C3*YFAN(NK)**C5 
C IF! YFANINK UGE.XCU) PHI 3 * 10000000, 

PHI = PHI1+PHI2^PHI 3*PHIA 

IF(N1,E0,11 WR ITF!6,221XINLET!NI , 4 YF AN! N2*NZ A-NZ A*N 1 ,N2» 1 ,5 1 
1 ,ABC(N1 1 , ATENMl ! N1 ) , PHI , PH 1 1 , PHI 2 , PHI 3, PH I A 

IF! Nl*NE,n WRITE(6,23) A8C4N1 ItATENMlINl | , PH I , PH 1 1 , PHI 2 , PHI 3, PHI A 
370 CONTINUE 
375 CONTINUE 
200 CONTINUE 
RETURN 
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SURPOUTsINE W«ATE (ATT ,ATEKM2I 
OIMENSICN ATTIH ,ATENM2(1I 

COMMON / COMM2 / Kl ,K2 » K3 *K4 , NRl #NR2 *NR3 t NR4 , NR5 » NERROR ♦ KIO t K 14 
6fil FORMAT! • 1*20X. « INLE T* 1 5X*F ANDXT*6X*D-FPNL* 1 4 X* D AT A* / 

1 17X»FIIND.* SX'HARM, • 

2 5X»FUN0*»5X*HARM* •22X«CARD»I 
6fl2 FORMAT! 11X,AF10.1,F10. 2, 12X,I5» 

663 FORMAT!/! 

WRITF!6,t81) 

NRC = 0 

no 605 NR4 = 1,K10 
00 605 NR3 » 1«K1C 
WRITE I 6, 6 83) 

DO 605 NR2 * l,Kl 
DO 605 NRl * 1,K1 
NR€ * NRC ♦ I 

WRITE!6.682! ATENM2(NRll .ATENM2INR3I ,ATeNM2(NR2) , ATENM2(NR4!, 

1 ATT (NRC !« NRC 

6C5 CONTINUE 
RETURN 
END 


raBCEDIWG PAGE 


blank not FOMEO 
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SUPOOUT INE INTRE t A TT?, ATT« TF4RR , ATENMl , ATENM2 » 

COMMON / COMM2 / K1,K2,K3,K4,NRI ,NR?tNR 3 iNR4,NR5tNERRORtK10,KlA 
DIMENSION TFARRr5,5t5f 5) 

DIMENSION ATT?m*ATT II ) , ATENMl ( H ♦ATENM2U ) 

KK 3 = C 

DO 61C NRA = l*KlO 
DO 610 NR3=1,K10 

00 610 NR2 = l,Kl 

no 610 NRl * 1,K1 

KK3 = KK3 ♦ I 

TFARflINRl,NR2»NR3»NR4) = ATT2IKK3) 

SIO CONTINUE 
KKA = 0 

00 620 NRA=1,KIC 

on 62C NR3*1,K10 

DO 620 NR 2 - 1»K1 

CO 620 NRl - UKl 

KKA ^ KK^ ^ 1 

ATT(KKA) = TBLUAIATENMUNRl) ♦ATENMKNR2I *ArENMl ( NR3 I ♦ ATENMK NR4) , 

1 ATENH2,ATENM2, ATENM2»ATENM2 tTFARRt 

2 1,1,1«1»K10«K10,K1«KI,5,5«5.5| 

62G CONTINUE 
RETURN 
FNO 
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FUNCTION T8LUl(XX#X»Y*MDXtMLXl 
niMENSICN xmtYfii 
NO X = MCX-1 

CALL SEARCHlX.XXtNO X*NLX t I »0£LTA IfA II 
TBLUl - YIII ♦ tYI t4-ll-YCI M*0ELTA 1 /A 1 
RETURN 
END 
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FUNCTION TBLU2I XX,YY,X, Y,F2 ,MOX,MOY,NLX,NLYfNF)(, NFY ) 

DIMFNSION F2INFX,NFY) ,Xm ,Ym 
NO X = MDX-1 
NO Y = MCY-l 

CALL SEARCH X»XX,NO XtNLX , I »DELT A 1,A 1) 

CAIL SEARCH! Y»YY,NO Y, NLY , J ,D6L T A 2, A 2i 
DFXl = (F2C I + l,J>-F2n, Jn*DELTA 1/Al 
HFX2 = (F2( I + l, J+1»-F2n, J+in«OELTA 1/Al 

TBLU2 = F2(I,J) ♦ OFXl + ( F 2 II , J+ U -F2 ! T ♦ J » +DFX2 -OF XU ♦DECT A 2/A 2 

RETURN 

END 
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FUNCTION TBLU4I XX»YY,2Z ,WW , X t Y, Z « ht V t W X t MD Y ♦ «DZ , HOW f 

I NLX,NLY,NLZ,NLWf NFX,NFY,NFZ ,NFW) 

OIMFNSICN VINFX,NFY,NFZ »NF Wl ♦ xn ) fYll),Zm»W(l1 
NCI X = MCX - I 
NO Y = MCY - I 
NO Z = NCZ - 1 
NO W = MCW - I 

CALL SEARC.HIX, XX*NO X , NLX , I *DEL TA 1,A 1) 

CALL SEARCHl Y, YY,NO Y , N UY , J ,DEL T A 2, A 2) 

CALL SEARCH! ZtZZtNO Z , NLZ ♦ K ,OEL T A B,A 3> 

CAIL SEARCH 14, WV»*NO M,NLW ,L, DELTA ^,A 4) 

OAl = DELTA 1/A 1 

OA? = DELTA 2/A 2 

0A3 = DELTA 3/A 3 

DA 4 - DELTA 4/A 4 

VPXl = VPX(DAl,Vn,J ,K ,L >,V(I + 1,J ,K ,L M 

VPX2 = VPXIDA 1,V( I, J+l,K ,L I , V ( I ♦ 1 , J+1 , K ,L M 

VPX3 = VPX(OAl,V( I,J ,K41,L >,Vn + l,J ,K+1,L )1 

VPX4 = VPX{nAl,Vn,J+l,K*l,L > ,V{ I^l, J*1 ,K*l,L >) 

vpxs = vPx!nAi,vn,j ,k ,k ,l+ih 

VPX6 = VPX(OAl,V( I, J+1,K ,L+1) fV( I + l , J+l ,K ,L + IU 

VPX7 * VPX(OAl,V(I,J ,K+1,L+U ,V( r + 1 , J ,K+1,L+1»I 

VPXa = VPX!DAl,VII,J*-l,K-H,L+n fV(I + l,J+l ,K + l,L + n> 
yPXYl = VPX(OA2,VPXl ,VPX2J 
VPXY2 = VPXIOA2, VPX3,VPX4» 

VPXY3 = VPX(OA2,VPX5,VPX6) 

VPXY4 = VPXIDA2,VPX7,VPX8> 

VPXYWl = VPX(DA3,VPXY1, VPXY2) 

VPXY>^2 = VPX(OA3, VPXY3,VPXV41 
T3LU4 = VPXIDA4, VPXYWl ,VPXVW2> 

RETURN 

END 
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FUNCTION VPX(A,B,C) 

VPX = 8 

RETURN 

END 



SUBROUTINE S EAR CHI X ,XX , NQX , NL Xf I ,DELTA,A) 
OIMENSrCN xm 
1 NO X = NC X ♦ 1 

IFIXX.LT.XCNO xn GO TO 5 
IFINO X.GE,NLXIGO TO 5 
GO TO 1 

5 DELTA = XX - XINO X» 

I = NO X 

IFINO X*NE#1) GO TO 10 
A = XINO X ♦ U - XING X» 

RETURN 

10 IFIXX,LT.X(NLX) » GO TO 20 
DELTA = XX - XINO X-U 
A = XINCX) - XINO X-11 
I = NO X - 1 
RETURN 

20 DELTA = XX - XINO X - 1) 

A = XING X» - XINO X-l) 

I = INO X-U 

RETURN 

END 
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SliBRnUTINE VPLQT 
nTHENSICN 
niMENS ICN 
CUM MOM 

COMMON f COMM6 / 

OATft 

DATA 


1 

2 


DATA ITY 


IXSfXl ,XA, YS.YI ,YA,NPT,NPL*NC,LX,LY,Xft^♦YRN♦T^X) 
XS(ll,YS<n»NOPTS(30) ,SX <2 01 , X ( ?00 I , V4 200 ) 
!TY(18),TI XC6» ,LU2n ,NCH(27) 

/ RF0PC.0 / HARMI ♦HARMF,TITLE(36I 
ATENMH5)«ABC(5I 

NO/** * /,NP/*^VfNM/»-*/,N8/* */ 

NCH/*A , *C • ,»0 • .*f * ♦*F» »»G» ,'H* I • ,* J* * 

•K •, *L * f *M* t*N* f »0» t*P* »*0* f ' R* »* S» f *T* ♦•U* » 
•V* ♦ *W* * *X» , • Y* ,»7* , * 

• B&IB ■ B# 


3 FORMAK *1* 18AA/18A4} 

100 F0RMAT(*1 delta EPNL * *F5. 1 f lOXTAN HARMONIC = •F5.177X 

1 ‘INLET HARMONIC (A « »F4* 1 »B = *FA,l • C « 'F4.1 

I • D = 'FA.l » e = «F4.1 

1 /7X,18AA/» 

5 FORMATI 120AI) 

7 FORMAT(/F13*0f 10F20,0I 
11 FORMAT* 5X,Alf iX.FS.OflXflO'JAl ) 

15 FURMAT(/30X,6AAl 


NXS=6 

NXSM=NXS-1 
XNXS*NXSM 
NPN=NPT /NPL 

IF {XRN,LE«0, OR.XRN.GT.IOO. ) XRN=10C, 
IF IYRN.LE.C. I YRN*50* 

NXR=XRN>12 

NYR=YRN 

NY*NYR+1 


NCR = 5 

IF (LX.EQ.5INCR-A 
NRC=2*NCR 

DO 500 IJM*1,NPT 
XI IJM» = XS( IJM) 

500 Y( IJMI^YSI IJMJ 
on 19 1=1, NPL 
18 NOPTSI I )=NPN 
NOPTSINPL+1 1=0 
XAX = ( ICC./XRNI^IXA-Xn + XI 
sxi n=xi 

SXINXS J =XAX 


U=XI 

DO 16 K=2,NXS 
U= I XAX-X I l/XNXS+U 
16 SXIK |=U+C,C0C01 
CX=XRN /(XA-Xll 

CALL VPOT (X,XI,NPT,0,XRN ,CXI 

CY=YRN/(YA“YI I 
DO 50 NN = 1,NC 
T1 = YRN - 6. 

T2 = T1 - 18 
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Ml = l 

CALL VPOT ( Y,YI ,NPT,1 tYRN fCY> 

TT=VRN 

T(jP=yRN*l, 

W«ITF.{6,100» HARM UHARMF, ( ATENMU n ,1 = 1 f5J , (TITLE tl >,1 = 1,18) 
CO A3 KK=l,NY 
N=1 
JED=1 
T=TUP-KK 
00 25 J=1,NXR 

25 LU )=N8 
L{ 12)=NC 
L( NXR)=NC 
IFf T-ri ) 5fc, 56,30 
56 SCA( E=T/CY + YI 
L( 12)=NP 
I (NXR ) =NP 
N = 0 

TT=TT-5. 

30 CGNTIN‘UE 

IF (KK.NE. l.AND.KK.Nf.NYJ GO TO 37 
no 32 J=12,MXR 
32 L( J )=ND 

CO 35 J-12,NXR,NRC 
U J4NCR )=NM 
35 L( J )=NP 
37 NNN=NQPTS( 1 1 

no AO LM=1,NPL 
00 39 I=JED,NNN 

IF(Y(I)-T) 39,62,39 
62 J = X( r ) 

LIJ + 12 )=NCH(LM) 

39 continue 
JED=NNN+ l 

40 NNN=NNN*N0PTS(LP+1) 

IF (T*GT,TU0R,T*LE*T2) GO TO 41 
LI 6 ) = ITY(H1 ) 

Ml =M 1+ 1 

41 IF(N-l) 66,42,66 

66 WRITE16,11) L(6), SCALE, IL(J),J = 12, NXR) 

GO TO 4 3 

42 WRITE(6,5) I L ( J I , J= I, N XR) 

43 continue 

NXSS = NXS - 2 

46 WRITE16,7M SXCK |,K=l,NXSS) 

50 WR ITE( 6,15) (TIX( I ),I=l,6) 

RETURN 

END 
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SUBROUT INF VPOT ( V, VH I N ,NP* J» VC »C ) 

oif^FNSicN vm 

DO 1 I»l.NP 

V( I »=FLCATI IFIX(C*( Vn I-VMINJ+. 51 » 

1 IF (V( I l«LT.0.0R.Vm*5T. VC) VU )*VC 
RETURN 
END 
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APPENDIX 7 

EPNL ACOUSTIC TRADE STUDY RESULTS 
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0£lTfl ?PNL « lO-O PAlv HAbHONIC ° 0^0 

INLCT HAKP^ONtC (A a Of « » 9, C » *0, D *» ?0f € « 301 
T/Q« MITH TDNEf 0* JET ATTt> KQ TURBt EPNt = 103 . MH Z A 
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OELT* FPNL • 10»0 F4N HAPMONlC n 5.0 

INLET H4WNQNIC 14 • 0, 0 ■ 5» C “ 10. O » 20. € " 301 
T/0. WITH TONE, 0« JET 4TT, NO TyS9« EPNl • 103.02. «UN 2 4 
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OEITA - lo.o harmonic » 10#0 

INLET HARHONIC I A » 0» 0 * 5^ C *» 10^ 0 « 20* E « 3<3> 
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OELTA £PNL • lO.O FAN HA8S0NIC » 7C!,0 

inlet harmonic (4 b 0( 9 « C = lOf 0 ■ ZO , £ » M)> 
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DELTft EPNl 10»0 H&RHONIC ® 30*0 
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CFLTA EFNL = 5.0 FAN HAR^^CMC » 0*Q 

(MET F^JPWCMC <A « 0, P = 5* C - 10* C - 20* E - 30) 
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C£L 1 ^ ££NL « FAN HAPf^CMC » 5*0 
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